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ROC Curve (AUC) Random Forest Classifier

I R R L I I S R

A

n > N
) g _
. . ™ . - [y L
] a .

: Q ! IEI: ' .: - F
N . X _.J*_“ o
*+ =y - ;

o rTEre T ] ""I"
. e 4
: _r;-c"' z
" \ ' . _.i -
- o - "
] f - '

» a"* L
¥ ]
b
! - L] ar
. 3 4 Y -
2T
* - aot

[

Ll
.

LA T )

1

= AN

PP, % . !
- .

L ey T T R T

- o
Ny " .
. ‘ . H ¥ L
. = at >
b -.-I- -
. w1 'l
W - .ﬁ: -
3. _-_"_' .
h ] _.‘t . s
- "-:
- -t-i .
[ + -

E

Al

-
1

nohoH SR ke
4
ra

1 F +

™
» ‘1 \

P . r‘:‘I .-\.*_ b .. hﬁ- . W . ' ':.“:5 W i*x‘i‘ "'hl \ 1 . r
@ 0758 (0.8891, 8583 +
- . . m e Aa . .. ._.-_;_‘. '? .
.:'-" ".‘ . -t -
npa? - o "
] 3 .;4:'; :
* oy
=T Ll L -
- L _J" ) -
E'- I_-:.'..'f'; 5
; e :
. ."i-' :
R ;
- . 1L1I-.. "
:. :
T ."‘l :
. . at .
" G
L4 L

5]

L]

) %‘-
Iy
SRk
o
oL
19
]
-+
.
o
]
[ ]
»
*i

'
’ }?
L]
Y
o
e

P
%,
+

'y
>
e bR

-
E ]

LaLNE |

[
)
-k 1
At -
"
..i* r
.-;1-‘ *
.Ty )
.t I'lr -
: & :
m’-.{ . -:-" .
- L -
- [ ]
h-r 4 S .
r [
For . _.'.,.ln B
- ik
‘_i'

LI LI I R B B LB I D AN B L D e B DU R Y L BCT IR N R R I I B

-

i:;*’}

L
4.*"
-l-'.

- r.
[
L
1
- I'.
-
L
k 1-
J’ .
- 4
- -
.
t r’
. i
. ;,
N H
T ,
T 1
- r
L '
hd N
2 14
- y
1
L [
L .-
.. + ]
.ph H.- ;H r -
' - 4
T ® - "
r Ui e Y -
- 0
'ﬁ ) :IQF i tl- -
r " * . H .-
"
C.
=

»

)

'i"-&ﬁ‘-i;.‘-e-;"-,:hﬁaﬁiﬁﬁ?&'ﬂ'ﬂﬁ‘-uk&h&&iﬁﬁﬁiﬂ%h&mﬁ%ﬁ.ﬁ@uﬁhﬁﬁ.‘ﬁ%\‘ﬁ‘u'-u.‘_ﬂa-_-.."yh:ﬁh"'s_‘!'-.'\.‘-t:-qhh.‘u%‘hh‘ﬁ.‘t‘\.Hh\ﬁhﬂ%ﬁ%ﬁﬁiiﬁiﬁiﬁiﬁiﬁi&ﬁ R R N N N R A KA N A A N
Y g ¥ §
L] hol 1




U.S. Patent Apr. 4,2023 Sheet 8 of 23 US 11,621,055 B2

ROC Curve (AUC) Support Vector Machine Classifier
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True Positive Rale

ROC Curve (AUC) Support Vector Machine Classifier (feature importance selection)
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ROC Curve (AUC) Support Vector Machine Classifier (univariate selection)
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ROC Curve (AUC) Support Vector Machine Classifier (all features)
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‘aginal Dysbiosis Associated Conditions
Vaginat dysiiosis is & terms that describes an imbatante in the aserobic and anserubic micreorganisms nommally present in your vagina,

Vaginal dysbiosis may or may not hgve active clinical symptoms. Plesse consult with 8 medical professional for folfow up ragarding these
remsity,
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MICROORGANISM-RELATED
SIGNIFICANCE INDEX METRICS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Phase under 33
U.S.C. § 371 of International Application No. PCT/US18/
51222 filed on Sep. 14, 2018, which claims the benefit of
U.S. Provisional Application No. 62/558,489 filed on Sep.
14, 2017, which are each incorporated in their entirety
herein by reference.

TECHNICAL FIELD

The disclosure generally relates to genomics and micro-
biology.

BACKGROUND

A microbiome can include an ecological community of
commensal, symbiotic, and pathogenic microorganisms that
are associated with an organism. Characterization of the
human microbiome 1s a complex process. The human micro-
biome includes over 10 times more microbial cells than
human cells, but characterization of the human microbiome
1s still 1n nascent stages such as due to limitations in sample
processing techniques, genetic analysis techniques, and
resources for processing large amounts of data. Present
knowledge has clearly established the role of microbiome
associations with multiple health conditions, and has
become an increasingly appreciated mediator of host genetic
and environmental factors on human disease development.
The microbiome 1s suspected to play at least a partial role 1n
a number of health/disease-related states. Further, the micro-
biome may mediate effects of environmental factors on
human, plant, and/or animal health. Given the profound
implications of the microbiome 1n affecting a user’s health,
cflorts related to the characterization of the microbiome
should be pursued. However, conventional approaches for
analyzing microbiomes, such as in relation to one or more
microbiome-related conditions have left many questions
unanswered.

BRIEF DESCRIPTION OF THE FIGURES

FI1G. 1-2 include flowchart representations of variations of
an embodiment of a method;

FIG. 3 includes variations of embodiments of a system;

FI1G. 4 includes flowchart representations of variations of
an embodiment of a method;

FIG. 5 includes graph representations of significance
index metric frequencies 1n variations of an embodiment of
a method:;

FIG. 6 includes a graph representation of metrics for a
Crohn’s disease prediction machine learning model 1n a
variation ol an embodiment of a method;

FIG. 7A-7E include graph representations of metrics for
cafleine consumer prediction machine learning models 1n a
variation of an embodiment of a method;

FIG. 8A-8D include specific examples of notifications
including significance index metrics;

FIG. 9 includes a schematic representation of variations
of an embodiment of the method;

FIG. 10 includes varniations of determining significance
index metrics with one or more models;
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FIG. 11 includes facilitating therapeutic intervention 1n a
variation of an embodiment of a method:;

FIG. 12 includes a schematic representation of variations
of an embodiment of the method;

FIG. 13 includes a schematic representation of variations
of an embodiment of the method;

FIG. 14 includes a schematic representation of variations
of an embodiment of the method;

FIG. 15 includes a schematic representation of variations
of an embodiment of the method;

FIG. 16 includes a schematic representation of variations
of an embodiment of the method.

DESCRIPTION OF TH

L1l

EMBODIMENTS

The following description of the embodiments 1s not
intended to limit the embodiments, but rather to enable any
person skilled in the art to make and use.

1. Overview

As shown 1in FIGS. 1-2, 4, and 9, embodiments of a
method 100 (e.g., for characterizing at least one microor-
ganism-related condition, etc.) can include: determining a
set of associations (e.g., positive associations such as posi-
tive correlations, negative associations such as negative
correlations, non-associations such as no correlation or
minimal correlation, etc.) between a set of microorganism
taxa and at least one microorganism-related condition Silo;
determining a set of reference features (e.g., reference
abundance ranges, etc.) for the set of microorganism taxa
S120; and determining one or more significance index
metrics based on the set of associations and the set of
reference features S130.

In a specific example, the method 100 (e.g., for charac-
terizing at least one microorganism-related condition, etc.)
can 1nclude: determining a set of associations between a set
of microorganism taxa and the at least one microorganism-
related condition, where the set of associations includes at
least one of positive associations, negative associations, and
non-associations; associated with the at least one microor-
ganism-related condition; determining a set of reference
abundance ranges for the set of microorganism taxa, where
the reference abundance ranges are associated with the at
least one microorganism-related condition; and/or determin-
ing a significance index metric associated with character-
ization of the set of associations between the set of micro-
organism taxa and the at least one microorganism-related
condition, based on the set of associations and the reference
abundance ranges for the set of microorganism taxa.

Embodiments of the method 100 can additionally or
alternatively include one or more of: facilitating diagnosis of
one or more microorganism-related conditions based on the
one or more significance index metrics S140; facilitating
therapeutic intervention for the one or more microorganism-
related conditions based on the one or more significance
index metrics S150; and/or any other suitable processes.

Embodiments of the method 100 and/or system 200 can
function to determine one or more metrics (e.g., significance
index metrics) characterizing associations between one or
more taxa and one or more microorganism-related condition
(e.g., where the metrics can provide an objective measure-
ment of the association between a combination of microor-
ganisms and one or more microorganism-related conditions;
etc.). In specific examples, significance index metrics can be
used for characterizing one or more users (e.g., based on
novel user samples from the users; etc.); facilitating diag-
nosis; facilitating therapeutic intervention; uncovering
insights regarding the relationship between one or more taxa
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and one or more microorganism-related conditions; and/or
confer any other suitable benefits.

In a specific example, the method 100 (e.g., for charac-
terizing at least one microorganism-related condition in
relation to a user, etc.) can include: collecting a sample from
a user, where the sample includes microorganisms associ-
ated with the at least one microorganism-related condition;
determining user microbiome composition features associ-
ated with the microorganisms, based on the sample; and/or
determining, for the user, a significance mdex metric char-
acterizing an association between a user microbiome and the
at least one microorganism-related condition, based on the
user microbiome composition features (e.g., user abun-
dances for the set of microorganism taxa; etc.), reference
microbiome composition features (e.g., reference abun-
dances and/or abundance ranges for the set of microorgan-
1sm taxa; etc.) associated with a set of microorganism taxa,
and a set of associations between the set of microorganism
taxa and the at least one microorganism-related condition. In
variations, collecting a sample, determining microbiome
features (e.g., microbiome composition features), and/or
suitable processes of embodiments of the method 100 can be
performed 1n any suitable manner described 1n and/or analo-

gous to U.S. application Ser. No. 16/115,542 filed 28 Aug.
2018 and/or U.S. application Ser. No. 16/047,840 filed 27
Jul. 2018, which are herein incorporated 1n their entireties by
this reference.

Additionally or alternatively, embodiments of the method
100 and/or system 200 can function to identify microbiome
features, supplemental features (e.g., derived from supple-
mental data, etc.), and/or other suitable data associated with
(e.g., positively correlated with, negatively correlated waith,
etc.) one or more microorganism-related conditions, such as
for use 1n determining significance indexes, for use as
biomarkers (e.g., for diagnostic processes, for treatment
processes, etc.), for use 1 diagnostics and/or therapeutics,
and/or for other suitable purposes. In examples, microor-
ganism-related conditions (and/or significance mdexes and/
or other suitable aspects) can be associated with at least one
or more of microbiome composition (€.g., microbiome com-
position diversity, etc.), microbiome function (e.g., micro-
biome functional diversity, etc.), and/or other suitable
microbiome-related aspects.

Additionally or alternatively, embodiments of the method
100 and/or system 200 can function to determine one or
more metrics (e.g., significance index metrics) for a panel of
microorganism-related conditions (e.g., a panel categorized
by condition type; etc.), such as in relation to characterizing,
a plurality of associations between a plurality of taxa and a
plurality of microorganism-related conditions (e.g., where
any number of taxa can be associated with any number of
microorganism-related conditions 1n any suitable numerical
relationship; etc.). Additionally or alternatively, embodi-
ments can perform any suitable functionality described
herein.

In variations, data from populations of users (e.g., popu-
lations of subjects associated with one or more microorgan-
1sm-related conditions; positively correlated, negatively cor-
related, not correlated, with one or more microorganism-
related conditions; data derived from information sources
such as scientific peer-reviewed articles; etc.) can be used to
determine significance index metrics, such as for character-
1zing subsequent users, such as for indicating microorgan-
ism-related states of health and/or areas of improvement
(e.g., for diagnostic purposes, etc.), and/or to facilitate
therapeutic intervention (e.g., promoting one or more thera-
pies; facilitating modulation of the composition and/or func-
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tional diversity of a user’s microbiome toward one or more
of a set of desired equilibrium states, such as states corre-
lated with improved health states associated with one or
more microorganism-related conditions; etc.), such as in
relation to one or more microorganism-related conditions.
Variations of the method 100 can further facilitate selection,
monitoring (e.g., etlicacy monitoring, etc.) and/or adjusting
of therapies provided to a user, such as through collection
and analysis (e.g., with significance index models) of addi-
tional samples from a user over time (e.g., throughout the
course ol a therapy regimen, through the extent of a user’s
experiences with microorganism-related conditions; as
shown 1n. FIG. 13; etc.), across body sites (e.g., across
sample collection sites of a user, such as collection sites
corresponding to a particular body site type such as a nose
site, gut site, mouth site, skin site, genital site; etc.), in
addition or alternative to processing supplementary data
over time, such as for one or more microorganism-related
conditions. However, data from populations, subgroups,
individuals, and/or other suitable entities can be used by any
suitable portions of embodiments of the method 100 and/or
system 200 for any suitable purpose.

In variations, embodiments of the method 100 and/or
system 200 can determine significance index metrics for
determining one or more microorganism-related character-
1zations and/or therapies associated with one or more micro-
organism-related conditions, such as characterizations and/
or therapies described 1n U.S. application Ser. No. 16/047,
840 filed 27 Jul. 2018, which 1s herein incorporated 1n 1ts
entirety by this reference.

Embodiments of the method 100 and/or system 200 can
additionally or alternatively generate and/or promote (e.g.,
provide; present; notily regarding; etc.) characterizations
(e.g., diagnoses, etc.) and/or therapies for one or more
microorganism-related conditions.

Microorgamism-related conditions can include one or
more ol: diseases, symptoms, causes (e.g., triggers, etc.),
disorders, associated risk (e.g., propensity scores, efc.),
associated severity, behaviors (e.g., calleine consumption,
alcohol consumption, sugar consumption, habits, diets, etc.),
and/or any other suitable aspects associated with microor-
ganism-related conditions. Microorganism-related condi-
tions can include one or more disease-related conditions,
which can include any one or more of: gastrointestinal-
related conditions (e.g., irritable bowel syndrome, mntlam-
matory bowel disease, ulcerative colitis, celiac disease,
Crohn’s disease, bloating, hemorrhoidal disease, constipa-
tion, retlux, bloody stool, diarrhea, etc.); allergy-related
conditions (e.g., allergies and/or intolerance associated with
wheat, gluten, dairy, soy, peanut, shellfish, tree nut, egg,
etc.); locomotor-related conditions (e.g., gout, rheumatoid
arthritis, osteoarthritis, reactive arthritis, multiple sclerosis,
Parkinson’s disease, etc.); cancer-related conditions (e.g.,
lymphoma; leukemia; blastoma; germ cell tumor; carci-
noma; sarcoma; breast cancer; prostate cancer; basal cell
cancer; skin cancer; colon cancer; lung cancer; cancer
conditions associated with any suitable physiological
region; etc.); cardiovascular-related conditions (e.g., coro-
nary heart disease, inflammatory heart disease, valvular
heart disease, obesity, stroke, etc.); anemia conditions (e.g.,
thalassemia; sickle cell; pernicious; fanconi; haemolyitic;
aplastic; ron deficiency; etc.); neurological-related condi-
tions (e.g., ADHD, ADD, anxiety, Asperger’s syndrome,
autism, chronic fatigue syndrome, depression, etc.); auto-
immune-related conditions (e.g., Sprue, AIDS, Sjogren’s,
Lupus, etc.); endocrine-related conditions (e.g., obesity,
Graves’ disease, Hashimoto’s thyroiditis, metabolic disease,




US 11,621,055 B2

S

Type I diabetes, Type II diabetes, etc.); skin-related condi-
tions (e.g., acne, dermatomyositis, eczema, rosacea, dry
skin, psornasis, dandrufl, photosensitivity, rough skin, 1tch-
ing, tlaking, scaling, peeling, fine lines or cracks, gray skin
in 1mdividuals with dark skin, redness, deep cracks such as
cracks that can bleed and lead to infections, itching and
scaling of the skin 1n the scalp, o1ly skin such as irritated oily
skin, skin sensitivity to products such as hair care products,
imbalance 1n scalp microbiome, etc.); Lyme disease condi-
tions; communication-related conditions; sleep-related con-
ditions; metabolic-related conditions; weight-related condi-
tions; pain-related conditions; genetic-related conditions;
chronic disease; and/or any other suitable type of disease-
related conditions.

In variations, microorganism-related conditions can
include one or more women’s health-related conditions
(e.g., reproductive system-related conditions; etc.) described
in U.S. application Ser. No. 16/115,542 filed 28 Aug. 2018,
which 1s herein mncorporated in i1ts entirety by this refer-
ences, such as where significance index metrics can be
determined and/or used for one or more women’s health-
related conditions and/or other suitable microorganism-re-
lated conditions.

Additionally or alternatively, microorganism-related con-
ditions can include one or more human behavior conditions
which can include any one or more of: diet-related condi-
tions (e.g., caileine consumption, alcohol consumption,
sugar consumption, artificial sweetener consumption,
omnivorous, vegetarian, vegan, sugar consumption, acid
consumption other food item consumption, dietary supple-
ment consumption, dietary behaviors, etc.), probiotic-related
behaviors (e.g., consumption, avoidance, etc.), habituary
behaviors (e.g., smoking; exercise conditions such as low,
moderate, and/or extreme exercise conditions; etc.), meno-
pause, other biological processes, social behavior, other
behaviors, and/or any other suitable human behavior con-
ditions. Conditions can be associated with any suitable
phenotypes (e.g., phenotypes measurable for a human, ani-
mal, plant, fungi body, etc.). In variations, portions of
embodiments of the method 100 and/or system 200 can be
used for facilitating promoting (e.g., providing; recommend-
ing; etc.) ol one or more targeted therapies to users suflering
from one or more microorganism-related conditions (e.g.,
skin-related conditions, etc.), such as based on one or more
significance index metrics.

In variations, samples (e.g., described herein) can corre-
spond to a one or more collection sites including at least one
of a gut collection site (e.g., corresponding to a body site
type of a gut site), a skin collection site (e.g., corresponding,
to a body site type of a skin site), a nose collection site (e.g.,
corresponding to a body site type of a nose site), a mouth
collection site (e.g., corresponding to a body site type of a
mouth site), and a genitals collection site (e.g., correspond-
ing to a body site type of a genital site).

Embodiments of the method 100 and/or system 200 can
be mmplemented for a single user, such as in relation to
applying one or more sample handling processes and/or
significance index determination processes for processing
one or more biological samples (e.g., collected across one or
more collection sites, etc.) from the user for determining a
significance index metric for the user, for microbiome-
related characterization, facilitating therapeutic interven-
tion, and/or for any other suitable purpose. Additionally or
alternatively, embodiments can be implemented for a popu-
lation of subjects (e.g., including the user, excluding the
user), where the population of subjects can include subjects
similar to and/or dissimilar to any other subjects for any
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suitable type of characteristics (e.g., 1n relation to microor-
ganism-related conditions, demographic characteristics,
behaviors, microbiome composition and/or function, etc.);
implemented for a subgroup of users (e.g., sharing charac-
teristics, such as characteristics aflecting microorganism-
related characterization and/or therapy determination; etc.);
implemented for plants, animals, microorganisms, and/or
any other suitable entities. Thus, information derived from a
set of subjects (e.g., population of subjects, set of subjects,
subgroup of users, etc.) can be used to provide additional
insight for subsequent users. In a variation, an aggregate set
of biological samples 1s associated with and processed for a
wide variety of subjects, such as including subjects of one or
more of: different demographic characteristics (e.g., gen-
ders, ages, marital statuses, ethnicities, nationalities, socio-
economic statuses, sexual orientations, etc.), difierent
microorganism-related conditions (e.g., health and disease
states; different genetic dispositions; etc.), diflerent living
situations (e.g., living alone, living with pets, living with a
significant other, living with children, etc.), different dietary
habits (e.g., omnivorous, vegetarian, vegan, sugar consump-
tion, acid consumption, caflemne consumption, etc.), difler-
ent behavioral tendencies (e.g., levels of physical activity,
drug use, alcohol use, etc.), different levels of mobility (e.g.,
related to distance traveled within a given time period),
and/or any other suitable characteristic (e.g., characteristics
influencing, correlated with, and/or otherwise associated
with microbiome composition and/or function, etc.). In
examples, as, the number of subjects increases, the predic-
tive power of processes implemented 1n portions of embodi-
ments of the method mo and/or system 200 can increase,
such as 1n relation to characterizing subsequent users (e.g.,
with varying characteristics, etc.) based upon their micro-
biomes (e.g., 1 relation to different collection sites for
samples for the users, etc.). However, portions of embodi-
ments ol the method loci and/or system 200 can be per-
formed and/or configured in any suitable manner for any
suitable entity or entities.

In variations, portions of embodiments of the method 100
can be repeatedly performed 1n any suitable order and/or any
suitable components of embodiments of the system 200 can
be repeatedly applied, such as to improve any suitable
portions ol embodiments of the method loco and/or any
suitable components of embodiments of the system 200. In
variations, the method loci can be repeatedly performed to
enable refining of one or more microorgamism-related data-
bases (e.g., including associations between microorganism,
taxa and microorganism-related conditions; including effect
s1ze metrics; including reference microbiome features such
as reference abundance ranges; etc.), such as by collecting
and analyzing additional information sources, samples (e.g,
such as samples collected from subjects over time, the
course of one or more microorganism-related conditions,
and/or therapeutic interventions; etc.), and/or other suitable
components. In vanations, the method 100 can include
refining processes for determining significance mdex met-
rics, such as for improving accuracy and/or other suitable
aspects associated with significance mdex metrics.

Data described herein (e.g., significance index metrics,
eflect size metrics, taxa identifiers, associations, microbiome
features, user features, reference features, microorganism
datasets, models, microorganism-related characterizations,
supplementary data, notifications, etc.) can be associated
with any suitable temporal indicators (e.g., seconds, min-
utes, hours, days, weeks, months, years, etc.) including one
or more: temporal indicators indicating when the data was
collected (e.g., temporal indicators indicating when a sample
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was collected; sampling time; etc.), determined, transmitted,
received, and/or otherwise processed; temporal indicators
providing context to content described by the data (e.g.,
temporal 1ndicators associated with significance index met-
rics, etc.); changes in temporal indicators (e.g., changes in
microbiome over time; such as 1n response to receiving a
therapy; latency between sample collection, sample analy-
s1s, provision of a microorganism-related characterization or
therapy to a user, and/or other suitable portions of embodi-
ments of the method 100; etc.); and/or any other suitable
indicators related to time.

Additionally or alternatively, parameters, metrics, inputs,
outputs, and/or other suitable data can be associated with
value types including: scores (e.g., propensity scores; fea-
ture relevance scores; correlation scores; covariance scores;
microbiome diversity scores; severity scores; etc.); indi-
vidual values (e.g., individual microorganism-related con-
dition scores, such as condition propensity scores for dii-
ferent conditions, for different collection sites, etc.),
aggregate values, (e.g., overall scores based on individual
microorganism-related scores for diflerent conditions, col-
lection sites, taxa; etc.), binary values (e.g., classifications of
a health sample or a sample presenting a microorganisms-
related condition; etc.), relative values (e.g., relative taxo-
nomic group abundance, relative microbiome function abun-
dance, relative feature abundance, etc.), classifications (e.g.,
microorganism-related condition classifications and/or diag-
noses for users; feature classifications; behavior classifica-
tions; demographic characteristic classifications; etc.), con-
fidence levels (e.g., associated with significant index metrics
and/or other suitable data; etc.), identifiers, values along a
spectrum, and/or any other suitable types of values. Any
suitable types of data described herein can be used as inputs
(c.g., for different analytical techmiques, models, and/or
other suitable components described herein), generated as
outputs (e.g., of different analytical techniques, models,
etc.), and/or mamipulated 1n any suitable manner for any
suitable components associated with the method 100 and/or
system 200.

One or more mstances and/or portions of embodiments of
the method 100 and/or processes described herein can be
performed asynchronously (e.g., sequentially), concurrently
(e.g., parallel data processing; concurrent cross-condition
analysis; multiplex sample processing; performing sample
processing and analysis for substantially concurrently evalu-
ating a panel of microorganism-related conditions; compu-
tationally determining significance mdex metrics, microor-
ganism datasets, microbiome features, and/or characterizing
microorganism-related conditions in parallel for a plurality
of users; such as concurrently on different threads for
parallel computing to improve system processing ability;
etc.), 1n temporal relation (e.g., substantially concurrently
with, 1n response to, serially, prior to, subsequent to, etc.) to
a trigger event (e.g., performance of a portion of the method
100), and/or in any other suitable order at any suitable time
and frequency by and/or using one or more instances of the
system 200, components, and/or entities described herein.

Additionally or alternatively, embodiments of the method
100 and/or system 200 can perform any suitable sample
processing operations described 1 U.S. application Ser. No.
16/115,542 filed 28 Aug. 2018, such as for determining
microorganism datasets and/or microbiome features usable
in determining one or more significance idex metrics. For
example, embodiments of the method 100 and/or system
200 can generate microorganism sequence datasets and/or
other suitable microorganism data based on applying one or
more sequencing systems 215 (e.g., next-generation
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sequencing systems, sequencing systems for targeted ampli-
con sequencing, sequencing-by-synthesis techniques, capil-
lary sequencing technique, Sanger sequencing, pyrose-
quencing techniques, nanopore sequencing techniques, etc.)
for sequencing one or more biological samples (e.g.,
sequencing microorganism nucleic acids from the biological
samples, etc.). Next-generation sequencing systems (e.g.,
next-generation sequencing platforms, etc.) can include any
suitable sequencing systems (e.g., sequencing platiorms,
etc.) for one or more of high-throughput sequencing (e.g.,
facilitated through high-throughput sequencing technolo-
gies; massively parallel signature sequencing, Polony
sequencing, 454 pyrosequencing, Illumina sequencing,
SOL1D sequencing, Ion Torrent semiconductor sequencing,
DNA nanoball sequencing, Heliscope single molecule
sequencing, Single molecule real time (SMRT) sequencing,
Nanopore DNA sequencing, etc.), any generation number of
sequencing technologies (e.g., second-generation sequenc-
ing technologies, third-generation sequencing technologies,
fourth-generation sequencing technologies, etc.), amplicon-
associated sequencing (e.g., targeted amplicon sequencing),
sequencing-by-synthesis, tunneling currents sequencing,
sequencing by hybridization, mass spectrometry sequenc-
ing, microscopy-based techniques, and/or any suitable next-
generation sequencing technologies.

As shown 1n FIG. 3, embodiments of the system 200 (e.g.,
for characterizing a microorganism-related condition) can
include any one or more of: a handling system (e.g., a
sample handling system; including a sequencing system
215; etc.) 210 operable to collect and/or process biological
samples (e.g., collected by users and included 1n containers
including pre-processing reagents; etc.) from one or more
users (e.g., a human subject, patient, animal subject, envi-
ronmental ecosystem, care provider, etc.) for facilitating
determination of a microorganism dataset (€.g., microorgan-
1Ism genetic sequences; microorganism sequence dataset;
etc.); a microorganism-related characterization system 220
operable to determine significance imndex metrics, features
(e.g., microbiome composition features; microbiome func-
tional features; diversity {features; relative abundance
ranges; such as based on a microorganism dataset and/or
other suitable data; etc.), and/or microorganmism-related char-
acterizations (e.g., microorganism-related condition charac-
terizations, therapy-related characterizations, characteriza-
tions for users, etc.); a therapy facilitation system 230
operable to facilitate therapeutic intervention (e.g., promote
a therapy, etc.) for one or more microorganism-related
conditions (e.g., based on one or more significance index
metrics; for improving one or more microorganism-related
conditions; etc.); an interface 240 for presenting significance
index metrics and/or other suitable data; sample kits 250 for
collecting one or more samples; and/or other suitable com-
ponents. While the components of embodiments of the
system 200 are generally described as distinct components,
they can be physically and/or logically integrated in any
manner. In an example, embodiments of the system 200 can
omit a therapy {facilitation system 230. Additionally or
alternatively, the functionality of embodiments of the system
200 can be distributed 1n any suitable manner amongst any
suitable system components. However, the components of
embodiments of the system 200 can be configured in any
suitable manner.

However, the method 100 and/or system 200 can be
configured 1n any suitable manner.

2.1 Determiming a Set of Associations.

Embodiments of the method 100 can include determining,

a set ol associations between one or more microorganism
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taxa and one or more microorganism-related conditions
S110, which can function to determine associations for use
in determination of significance index metrics.

Associations can include any one or more of positive
associations (e.g. positive correlations; causative associa-
tions; efc.); negative associations (e.g., negative correla-
tions; causative associations; etc. ); non-associations (€.g., no
correlation; etc.); and/or any other types ol associations
(e.g., relationships, connections between, etc.) between one
or more taxa and one or more microorgamsm-related con-
ditions.

Any suitable number of taxa can be associated with any
suitable number of microorganism-related conditions, 1n any
suitable numerical relationship (e.g., 1 to many; many to 1,
etc.).

Determining a set of associations can include processing,
condition-related information sources (e.g., third-party
information sources such as scientific literature, clinical
tests, etc.; sources including information regarding condi-
tions, associated microorganism taxa, associated markers;
proprietary sources; first-party sources; etc.). In a variation,
Block S110 can include manually processing condition-
related information sources (e.g., with human curation of
markers, associations, effect sizes, data usable for calculat-
ing eflect sizes, and/or associated information, etc.) to
determine the set of associations and/or other suitable
parameters. In another vanation, Block S110 can include
automatically processing condition-related 1nformation
sources. For example, Block S110 can include: generating a
list of online information sources; obtaining the online
information sources based on the list; processing the online
information sources to extract a set of taxa, associated
conditions, and/or other associated data (e.g., through apply-
ing natural language processing techniques, etc.) for gener-
ating the set of associations and/or other suitable data. In
another example, automatically processing information
sources can include applying natural language processing
approaches and/or other suitable approaches for analysis of
the information sources, such as for extracting types of taxa
associated with one or more microorganism-related condi-
tions.

In vanations, determining a set of associations can be
based on one or more conditions (e.g., using the association,
such as for downstream processing in determining one or
more significance imndex metrics, 1i the conditions are met;
updating a microorganism-related database with the asso-
ciation; etc.). Conditions can include any one or more of:
subject conditions such as 1n relation to subject type such as
human or animal, characteristics regarding the human or
amimal, etc.; sample conditions such as 1n relation to the
sampling site for the samples used 1n 1dentification of the
one or more associations; analytical technique conditions
such as 1n relation to types of analytical techniques used 1n
identification of the associations; metric conditions such as
in relation to the types of metrics provided by information
sources and/or used in characterizing the associations; and/
or any other suitable types of conditions.

In a specific example, determining associations can be
based on two conditions (e.g., using the association, such as
for downstream processing 1 determining one or more
significance index metrics, 1f the two conditions are met;
updating a microorganism-related database with the asso-
ciation if the two conditions are met; etc.) including: (1)
samples used in the information sources were from adult
humans and collected from an appropriate sampling site; and
(2) appropriate metrics (e.g., statistics) are available (e.g.,
provided by the information source; etc.), such as including
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metrics accounting for the direction of the association (e.g.,
whether a positive association between a taxon and a micro-
organism-related condition, a negative association between
a taxon and a microorganism-related condition, or a non-
association between a taxon and a microorganism-related
condition; etc.), eflect size metrics (e.g., coetlicients of
correlation, such as between abundances of one or more
microorganism taxa and one or more microorganism-related
conditions; z-scores, etc.) and/or data enabling calculation of
ellect size metrics (e.g., where such metrics can be trans-
formed 1nto eflect size metrics such as coetlicients of cor-
relation and/or z-scores, etc.), such as one or more of mean,
standard dewviation, sample sizes, odds ratios, risk ratios,
proportions of individuals in the control and study groups
with and without the condition and/or any other suitable
metrics. In a specific example, determining one or more
associations can be based on (e.g., using the association,
such as for downstream processing in determining one or
more significance index metrics, 1i the condition 1s met;
updating a microorganism-related database with the asso-
ciation; etc.) the probability of regarding a false or spurious
ellect as true 1s less than 5% (1.e. P-Value<0.05), such as
indicating there 1s a statistically significant association
between the taxon and a microorgamism-related condition.
In a specific example, determining associations can be based
on (e.g., using the association, such as for downstream
processing in determining one or more significance ndex
metrics, 1f the condition 1s met; updating a microorganism-
related database with the association; etc.) the significance
of the statistical comparison between the study and the
control groups, such as based on the P-value, where a
P-Value of less than 5% indicates the association 1s statis-
tically significant. However, conditions for determiming
associations can be configured 1n any suitable manner.

In vanations, determining one or more associations can
include determining one or more parameters describing the
one or more associations. Parameters describing the one or
more associations can include any one or more of: effect size
metrics (e.g., coellicients of correlation, such as between
abundances of one or more microorganism taxa and one or
more microorganism-related conditions; z-scores, etc.), data
enabling calculation of ellect size metrics, mean, standard
deviation, sample sizes, odds ratios, risk ratios, proportions
of i1ndividuals in the control and study groups with and
without the condition and/or any other suitable metrics,
experimental parameters, confidence levels, sample charac-
teristics, parameters associated with types of conditions
(e.g., subject parameters; sample parameters; analytical
technique parameters; metric parameters; etc.), parameters
provided by information sources, and/or any other suitable
types of parameters.

Determining a set of associations (and/or microbiome
teatures, reference features, user features, etc.) can be based
on microorganism datasets (e.g., microbiome features; asso-
ciated with one or more microorganism-related conditions;
etc.), supplementary datasets, and/or other suitable data,
such as 1n a manner including and/or analogous to that
described 1n U.S. application Ser. No. 16/115,542 filed 28
Aug. 2018 and/or U.S. application Ser. No. 16/047,840 filed
2’7 Jul. 2018, which are herein incorporated in their entireties
by this reference.

Determining a set of associations can 1nclude generating
and/or updating (e.g., refining, adding to, deleting data, etc.)
one or more microorganism-related databases based on the
determined set of associations (e.g., adding additional asso-
ciations to the one or more microorganism-related data-
bases), such as in response to determining the set of asso-
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ciations, but generating and/or updating microorganisms-
related databases can be performed 1n any suitable manner
at any suitable time and frequency.

However, determining a set of associations (e.g., between
one or more taxa and one or more microorganism-related
conditions; etc.) and/or any suitable parameters (e.g., eflect
s1ze estimates, other data, etc.) Silo can be performed 1n any
suitable manner.

2.2 Determining a Set of Reference Features.

Embodiments of the method 100 can include determining,
a set of reference features (e.g., reference abundance ranges,
etc.) for one or more microorganism taxa (€.g., microorgan-
1sm taxa for which associations were determined with one or
more microorganism-related conditions; etc.) S120, which
can function to determine features for use 1n determination
ol significance index metrics.

Reference features are preferably associated with (e.g.,
describe, correspond to, etc.) one or more microorganism
taxa, such as one or more microorganism taxa for which
associations with one or more microorganism-related con-
ditions are determined (e.g., 1 relation to S110). Addition-
ally or alternatively, reference features can be associated
with any one or more ol microbiome composition (e.g.,
microbiome composition diversity, etc.), microbiome func-
tion (e.g., microbiome functional diversity, etc.), any suit-
able subjects and/or users (e.g., any suitable groups, sub-
groups, and/or sets of subjects and/or users), and/or any
other suitable aspects.

Reference features preferably include reference abun-
dance ranges (e.g., reference relative abundance ranges) for
one or more taxa associated with one or more microorgan-
ism-related conditions. In examples, reference abundance
ranges (and/or user abundance ranges corresponding to one
or more users, and/or any suitable abundance ranges; etc.)
can 1nclude one or more healthy abundance ranges (e.g.,
corresponding to a healthy range of abundance of a taxon
associated with a microorganism-related condition, such as
a health range derived based on subjects without the micro-
organism-related condition; etc.), unhealthy abundance
ranges (e.g., corresponding to a unhealthy range of abun-
dance of a taxon associated with a microorganism-related
condition, such as an unhealthy range denived based on
subjects with the microorganism-related condition; etc.),
low abundance ranges, normal abundance ranges, high
abundance ranges, absent abundance, medium abundance
ranges, percentiles for ranges (e.g., 1n relation to any suitable
group ol subjects, samples, etc.), and/or any other suitable
types ol abundance ranges. However, microorganism abun-
dance ranges can be configured in any suitable manner.

Reference features can be determined from the same or
different information sources used in variations of determin-
Ing associations between one or more taxa and one or more
microorganism-related conditions (e.g., a same information
source providing reference features such as reference abun-
dance ranges for associations between a set of taxa and a
microorganism-related condition.

Additionally or alternatively, reference features can be
determined 1n any suitable manner analogous to or different
to determining one or more associations between taxa and
microorganism-related conditions. In variations, determin-
ing relference features can include determining reference
features based on sample processing and bioinformatics
analysis for collected samples from an aggregate population
of subjects associated with one or more microorganism-
related conditions (e.g., including a subgroup of subjects
with the condition; a control subgroup of subjects without
the condition; etc.). In variations, determining reference
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features can be based on one or more of information sources,
empirical analysis, sample processing, bioinformatics analy-
s1s, and/or any other suitable processes.

Determining reference features, user features, and/or any
suitable portions of embodiments of the method 100 can
include applying pre-preprocessing (e.g., for data extracted
from information sources, lor microorganism datasets,
microbiome features, and/or other suitable data for facilita-
tion ol downstream processing such as determining signifi-
cance 1ndex metrics, etc.). In an example, performing a
characterization process can include, filtering a dataset (e.g.,
filtering a dataset extracted from an information source,
filtering a microorganism sequence dataset, such as prior to
applying a set of analytical techniques to determine the
microbiome features such as reference features, etc.), by at
least one of: removing first sample data corresponding to
first sample outliers of a set of biological samples (e.g.,
associated with one or more microorganism-related condi-
tions, etc.), such as where the first sample outliers are
determined by at least one of principal component analysis,
a dimensionality reduction technique, and a multivarniate
methodology; removing second sample data corresponding
to second sample outliers of the set of biological samples,
where the second sample outliers can determined based on
corresponding data quality for the set of microbiome fea-
tures (e.g., removing samples corresponding to a number of
microbiome features with high quality data below a thresh-
old condition, etc.); ¢) removing one or more microbiome
features from the set of microbiome features based on a
sample number for the microbiome feature failing to satisiy
a threshold sample number condition, where the sample
number corresponds to a number of samples associated with
high quality data for the microbiome feature; and/or any
other suitable filtering techniques for any sutable data
described herein. However, pre-processing can be per-
formed with any suitable analytical techniques 1n any suit-
able manner.

Determining reference features, user features, and/or
other suitable features (e.g., microbiome features, supple-
mentary features, etc.) can use computational methods (e.g.,
statistical methods, machine learning methods, artificial
intelligence methods, bioinformatics methods, other
approaches described herein, etc.) to characterize a subject,
sample, dataset, and/or other suitable component as exhib-
iting and/or otherwise associated with one or more features
(e.g., where determining user microbiome Ieatures can
include determining feature values for microbiome features
identified as correlated with and/or otherwise associated
with one or more microorganism-related conditions, etc.),
such as features characteristic of a set of users with the one
or more microorganism-related conditions, etc.). However,
any suitable analytical techniques (e.g., described herein)
can be used in determining features and/or performing
suitable portions of embodiments of the method 100. In an
example, determiming reference features and/or suitable
features can 1nclude applying a set of analytical techniques
including at least one of a umivaniate statistical test, a
multivariate statistical test, a dimensionality reduction tech-
nique, and an artificial intelligence approach, such as where
the features can improve computing system-related func-
tionality associated with the determining of significance
index metrics (e.g., 1 relation to accuracy, reducing error,
processing speed, scaling, etc.). In an example, determining
microbiome features (e.g., user microbiome features, etc.)
can 1nclude applying a set of analytical techniques to deter-
mine at least one of presence of at least one of a microbiome
composition diversity feature and a microbiome functional
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diversity feature, absence of the at least one of the micro-
biome composition diversity feature and the microbiome
functional diversity feature, a relative abundance feature
describing relative abundance of different taxonomic groups
associated with the first microorganism-related condition, a
ratio feature describing a ratio between at least two micro-
biome {features associated with the different taxonomic
groups, an interaction feature describing an interaction
between the diflerent taxonomic groups, and a phylogenetic
distance feature describing phylogenetic distance between
the diflerent taxonomic groups, such as in relation to (e.g.,
associated with) one or more microorganism-related condi-
tions, and such as where the set of analytical techniques can
include at least one of a univariate statistical test, a multi-
variate statistical test, a dimensionality reduction technique,
and an artificial intelligence approach.

In variations, upon 1dentification of represented groups of
microorganisms of the microbiome associated with one or
more samples (e.g., from subjects with or without one or
more microorganism-related conditions; etc.), features asso-
ciated with (e.g., derived from) compositional and/or func-
tional aspects of the microbiome can be determined. In a
variation, generating features can include generating fea-
tures based upon multilocus sequence typing (MSLT), in
order to 1dentily markers useful for significance index metric
determination and/or suitable portions of embodiments of
the method 100. Additionally or alternatively, determining,
features can include determining features that describe the
presence or absence of certain taxonomic groups of micro-
organisms, and/or ratios between exhibited taxonomic
groups of microorganisms. Additionally or alternatively,
determining features can include determining {features
describing one or more of: quantities of represented taxo-
nomic groups (e.g., taxa), networks ol represented taxo-
nomic groups, correlations in representation of diflerent
taxonomic groups, interactions between diflerent taxonomic
groups, products produced by different taxonomic groups,
interactions between products produced by different taxo-
nomic groups, ratios between dead and alive microorgan-
1sms (e.g., for diflerent represented taxonomic groups, based
upon analysis of RNAs), phylogenetic distance (e.g., in
terms of Kantorovich-Rubinstein distances, Wasserstein dis-
tances etc.), any other suitable taxonomic group-related
feature(s), any other suitable genetic or functional aspect(s).

Additionally or alternatively, determining features can
include generating features describing relative abundance of
different microorganism groups, for instance, using a
sparCC approach, using Genome Relative Abundance and
Average size (GAAS) approach and/or using a Genome
Relative Abundance wusing Mixture Model theory
(GRAMMYy) approach that uses sequence-similarity data to
perform a maximum likelihood estimation of the relative
abundance of one or more groups of microorgamsms. Addi-
tionally or alternatively, determining features can include
generating statistical measures of taxonomic variation, as
derived from abundance metrics. Additionally or alterna-
tively, determining features can include determining features
associated with (e.g., derived from) relative abundance
factors (e.g., 1n relation to changes 1n abundance of a taxon,
which affects abundance of other taxa). Additionally or
alternatively, determining features can include generation of
qualitative features describing presence of one or more
taxonomic groups, in 1solation and/or in combination. Addi-
tionally or alternatively, determining features can include
generation of features related to genetic markers (e.g.,
representative 16S, 18S, and/or ITS sequences) character-
1zing microorganisms of the microbiome associated with a
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biological sample. Additionally or alternatively, determining,
features can include generation of features related to func-
tional associations of specific genes and/or organisms hav-
ing the specific genes. Additionally or alternatively, deter-
mining features can include generation of features related to
pathogenicity of a taxon and/or products attributed to a
taxon. Additionally or alternatively, determining features
can include determination of any other suitable feature(s),
such as derived from information sources, sequencing and
mapping of nucleic acids of a biological sample, and/or any
suitable approaches. For instance, the feature(s) can be
combinatory (e.g. involving pairs, triplets), correlative (e.g.,
related to correlations between different features), and/or
related to changes 1n features (e.g., temporal changes,
changes across sample sites, etc., spatial changes, etc.).

In vanations, determining features can include determin-
Ing one or more site-speciiic associated with one or more
collection sites (e.g., gut site, nose site, skin site, genital site,
mouth site, etc.). In an example, a set of site-specific features
can include a first subset of site-specific features associated
with a first body site, and a second subset of site-specific
features associated with a second body site. However, multi-
site analyses can be performed in any suitable manner.

In variations, determining features can include applying
computer-implemented rules (e.g., models, feature selection
rules, etc.) to process population-level data and/or other
suitable data, but can additionally or alternatively include
applying computer-implemented rules to process microbi-
ome-related data on a demographic characteristic-specific
basis (e.g., subgroups sharing one or more demographic
characteristics such as therapy regimens, dietary regimens,
physical activity regimens, ethnicity, age, gender, weight,
behaviors, etc.), condition-specific basis (e.g., subgroups
exhibiting a specific microorganism-related condition, a
combination ol microorganism-related conditions, triggers
for the microorganism-related conditions, associated symp-
toms, etc.), a sample type-specific basis (e.g., applying,
different computer-implemented rules to process microbi-
ome data dertved from different collection sites; etc.), a user
basis (e.g., different computer-implemented rules for differ-
ent users; etc.) and/or any other suitable basis. In examples,
determining features can include assigning users from the
population of users to one or more subgroups; and applying
different computer-implemented rules for determining fea-
tures (e.g., the set ol feature types used; the types of
characterization models generated from the features; etc.)
for the different subgroups. However, applying computer-
implemented rules can be performed in any suitable manner
for any suitable portions of embodiments of the method 100,
such as for determining significance index metrics S130.

Determining features can include process can include
determining one or more abundance ranges (e.g., reference
microbiome parameter ranges; a healthy reference relative
abundance range, where the range can be associated with a
healthy microbiome and/or the absence of one or more
conditions; a risk reference relative abundance range asso-
clated with the presence of and/or risk of one or more
conditions; microorganism composition range for abun-
dance of one or more taxa; phylogenetic diversity of the
microorganisms present 1n the sample; microorganism func-
tional diversity range for functional features associated with
one or more taxa; etc.), such as reference abundance range
and/or user abundance ranges, and/or any suitable abun-
dance ranges, such as where one or more significance index
metrics can be based on a comparison between the user
microbiome parameter (e.g., user abundance, etc.) and the
reference microbiome parameter range (e.g., characterizing,
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a user as possessing an poor significance index metric for
microbiome composition 1n relation to bacterial targets
associated with microorganism-related conditions based on
the user microbiome parameter indicating an abundance
outside of the healthy reference ranges for the different
bacterial targets; etc.). Microbiome parameter ranges can
have any suitable lower- and upper-limits, 1n any suitable
form (e.g., counts, etc.). Reference microbiome parameter
ranges can include ranges representing any suitable confi-
dence intervals (e.g., 99% confidence intervals across a
population of users). In an example, reference relative
abundance ranges can be calculated for any suitable taxa,
such as based on dividing the count of reads corresponding
to that taxa by the total number of reads (e.g., total number
of clustered and filtered reads); however, reference relative
abundance ranges can be calculated 1n any suitable manner.

In a vanation, determining reference abundance ranges
and/or suitable features can be performed empirically. For
example, Block S130 can include collecting biological
samples and supplementary datasets from a population of
users. The population of users can include users associated
with any suitable state of microbiome composition, micro-
biome phylogenetic diversity, microbiome functional diver-
sity, conditions, and/or other suitable characteristics, where
the supplementary datasets (e.g., digitally administered sur-
veys at an application executing on mobile devices associ-
ated with the users) can be informative of the characteristics.
In a specific example, the method 100 can include: process-
ing biological samples from a population of healthy users;
processing the biological sample to determine microorgan-
1sm sequences; determining relative abundance of each taxa
(c.g., from a set of taxa determined to be associated and/or
potentially associated with one or more microorganism-
related conditions, etc.) for each user; and generating
healthy ranges (and/or unhealthy ranges) for each of the taxa
based on the relative abundances across the population of
healthy users. However, empirically determining reference
microbiome parameter ranges can be performed in any
suitable manner. In a specific example, the supplementary
data can indicate a lack of the at least one microorganism
related condition for a subset of subjects from a set of
subjects; where determining the set of microbiome features
can nclude determiming healthy reference microbiome
parameters ranges associated with the subset of subjects,
based on the microorganism sequence dataset; and where
determining one or more significance index, metrics can be
based on the on the supplementary data and/or the healthy
reference microbiome parameters ranges. In a variation,
determining reference microbiome parameter ranges can be
performed non-empirically, such as based on manually and/
or automatically processing condition-related information
sources.

Comparing one or more reference features (e.g., abun-
dance ranges, etc.) to one or more user microbiome features
(e.g., abundances, etc.) associated with one or more char-
acteristics (e.g., taxa, conditions, etc.) can be used in deter-
mining one or more significance index metrics, such as
including characterizing the user as possessing the charac-
teristic (e.g., a healthy microbiome, etc.) or not possessing
the characteristic based on whether the user microbiome
parameter values fall iside or outside the reference micro-
biome parameter ranges.

Determining reference features can additionally or alter-
natively mnclude updating reference features (e.g., at one or
more microorganism-related databases; etc.), such as for
improving the set of reference features used 1n determining
one or more significance index metrics (e.g., for improving
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accuracy of significance index metrics, such as in relation to
characterizing one or more associations between microor-
ganism taxa and microorganism-related conditions; etc.).

However, determiming reference features S120 can be
performed 1n any suitable manner.

2.3 Determiming a Significance Index Metric.

Embodiments of the method 100 can include determining,
one or more significance index metrics (€.g., based on the set
ol associations and the set of reference features, etc.) S130,
which can function to determine one or more metrics
associated with characterization of one or more associations
between one or more microorganism taxa and one or more
microorganism-related conditions.

Si1gnificance index metrics preferably describe a degree of
association between a set of taxa and one or more micro-
organism-related conditions, but can additionally or alter-
natively describe users, propensity for one or more micro-
organism-related conditions, risk for one or more
microorganism-related conditions, characteristics useable
for determining one or more microorganism-related condi-
tion characterizations (e.g., diagnoses, other suitable data for
facilitating diagnoses, etc.), characteristics usable for deter-
mining one or more therapies (e.g., for facilitating thera-
peutic mtervention for one or more microorganism-related
conditions; etc.), and/or can be associated with any suitable
aspects.

Si1gnificance index metrics can include nay one or more of
scores (e.g., expressed as a range from 0 to 100 and/or any
suitable range), propensity scores for users (e.g., describing
a user propensity for one or more microorganism-related
conditions based on user microbiome features and/or other
suitable user data; etc.), classifications (e.g., by a machine
learning model; classifications of presence or absence of one
or more microorganism-related conditions; any suitable
classifications associated with one or more microorganism-
related conditions, such as in relation to condition severity;
etc.), and/or can include any suitable form of data described
herein.

Significance 1ndex metrics can be for any number of
associations (e.g., between taxa and microorganism-related
conditions, etc.), users (e.g., propensity scores describing a
user’s propensity for one or more microorganism-related
conditions; eftc.), taxa, microorganism-related conditions,
and/or any suitable components.

Determining significance index metrics and/or any suit-
able portions of embodiments of the method 100 and/or
system 200 can include employing one or more analytical
techniques 1ncluding any one or more of: univarnate statis-
tical tests, multivaniate statistical tests, dimensionality
reduction techniques, artificial intelligence approaches (e.g.,
machine learning approaches, etc.), performing pattern rec-
ognition on data (e.g., i1dentifying correlations between
microorganism-related conditions and microbiome features;
etc.), fusing data from multiple sources (e.g., generating
characterization models based on microbiome data and/or
supplementary data from a plurality of users associated with
one or more microorganism-related conditions, such as
based on microbiome features extracted from the data; etc.),
combination of values (e.g, averaging values, etc.), com-
pression, conversion (e.g., digital-to-analog conversion,
analog-to-digital conversion), performing statistical estima-
tion on data (e.g. ordinary least squares regression, non-
negative least squares regression, principal components
analysis, ridge regression, etc.), wave modulation, normal-
ization, updating (e.g., of characterization models and/or
therapy models based on processed biological samples over
time; etc.), ranking (e.g., microbiome features; therapies;
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etc.), weighting (e.g., microbiome features; etc.), validating,
filtering (e.g., for baseline correction, data cropping, etc.),
noise reduction, smoothing, filling (e.g., gap filling), align-
ing, model fitting, binning, windowing, clipping, transior-
mations, mathematical operations (e.g., derivatives, moving,
averages, summing, subtracting, multiplying, dividing, etc.),
data association, multiplexing, demultiplexing, interpolat-
ing, extrapolating, clustering, image processing techniques,
other signal processing operations, other 1image processing
operations, visualizing, and/or any other suitable processing
operations.

Artificial intelligence approaches can include any one or
more of: supervised learning (e.g., using logistic regression,
using back propagation neural networks, using random
forests, decision trees, etc.), unsupervised learning (e.g.,
using an Apriori algornithm, using K-means clustering),
semi-supervised learming, a deep learning algorithm (e.g.,
neural networks, a restricted Boltzmann machine, a deep
belief network method, a convolutional neural network
method, a recurrent neural network method, stacked auto-
encoder method, etc.) reinforcement learning (e.g., using a
Q-learning algorithm, using temporal diflerence learning), a
regression algorithm (e.g., ordinary least squares, logistic
regression, stepwise regression, multivariate adaptive
regression splines, locally estimated scatterplot smoothing,
etc.), an 1instance-based method (e.g., k-nearest neighbor,
learning vector quantization, self-organizing map, etc.), a
regularization method (e.g., ridge regression, least absolute
shrinkage and selection operator, elastic net, etc.), a decision
tree learning method (e.g., classification and regression tree,
iterative dichotomiser 3, C,_., chi-squared automatic inter-
action detection, decision stump, random forest, multivariate
adaptive regression splines, gradient boosting machines,
etc.), a Bayesian method (e.g., naive Bayes, averaged one-
dependence estimators, Bayesian belief network, etc.), a
kernel method (e.g., a support vector machine, a radial basis
function, a linear discriminate analysis, etc.), a clustering
method (e.g., k-means clustering, expectation maximization,
etc.), an associated rule learning algorithm (e.g., an Apriori
algorithm, an Eclat algorithm, etc.), an arfificial neural
network model (e.g., a Perceptron method, a back-propaga-
tion method, a Hopfield network method, a selt-organizing
map method, a learning vector quantization method, etc.), an
ensemble method (e.g., boosting, boostrapped aggregation,
AdaBoost, stacked generalization, gradient boosting
machine method, random forest method, etc.), and/or any
suitable artificial intelligence approach. However, data pro-
cessing can be employed 1n any suitable manner.

Significance index metrics can additionally or alterna-
tively include site-specific significance index metrics (e.g.,
specific to one or more body sites, including any one or more
of gut sites, genital sites, nose sites, skin sites, mouth sites,
and/or other suitable sites; etc.), such as significance 1index
metrics characterizing associations between one or more
microorganism-related conditions and one or more taxa,
where the associations are specific to a specific body site. In
an example, for the same body site and microorganism-
related conditions, associations with taxa can differ (e.g., can
be associations with different taxa) based on one or more
body sites involved (e.g., diflerent associations for a gut site
compared to a nose site; etc.). In a specilic example,
significance 1ndex metrics can differ (e.g., values of signifi-
cance index metrics, types ol significance imdex metrics)
based on the one or more body sites involved. In examples,
different site-specific significance index models can be gen-
crated, applied, and/or otherwise processed. In specific
examples, different site-specific significance index models
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can be generated, applied, and/or otherwise processed based
on different microbiome features, such as site-specific fea-
tures associated with the one or more body sites that the
site-specific significance index model 1s associated with
(e.g., using gut site-specific features derived from samples
collected at gut collection sites of subjects, and/or correlated
with one or more microorganism-related conditions, such as
for determining gut site-specific features, generating a gut
site-specific significance index model that can be applied for
determining significance index metrics based on user
samples collected at user gut sites, and/or for any suitable
purpose; etc.). Site-specific models, site-specific features,
samples, site-specific therapies, and/or other suitable entities
(c.g., able to be associated with a body site, etc.) are
preferably associated with at least one body site (e.g.,
corresponding to a sample collection site; etc.) including one
or more ol a nose site, gut site (e.g., characterizable based on
stool samples, etc.), skin site, genital site (e.g., vaginal site,
ctc.), mouth site, and/or any suitable body region. However,
site-specific significance index metrics can be configured 1n
any manner and determined in any suitable manner.

In a variation, determining one or more significance mdex
metrics can be based one or more eflect size metrics asso-
ciated with (e.g., describing, characterizing, etc.) one or
more associations between one or more taxa and one or more
microorganism-related conditions. Effect size metrics prei-
erably 1nclude coeflicients of correlation (e.g., between
abundance for a taxon and a microorganism-related condi-
tion) but can additionally or alternatively include z-scores,
and/or any suitable types of metrics (e.g., described herein,
etc.). In a specific example, determining the significance
index metric can include determining eflect size metrics for
the set ol associations between the set of microorganism taxa
and the at least one microorganism-related condition, based
on the set of reference abundance ranges (and/or suitable
reference features) for the set of microorganism taxa; and
determining the significance index metric based on the effect
s1Z€ metrics.

In examples, data extracted from one or more information
sources (e.g., mean, standard deviation, sample sizes, pro-
portions of individuals in the control and study groups with
and without the condition, etc.) can be transformed 1nto one
or more types of efllect size metrics (e.g., coellicients of
correlation, etc.). In specific examples, transformations nto
types ol eflect size metrics, and/or suitable portions of
determining significance metrics based on effect s1ze metrics
can be performed with one or more computing systems (e.g.,
remote computing systems, such as including microorgan-
ism-related databases, etc.), and/or through any suitable
components. In an example, a significance index can be
calculated based on an overall coeflicient of correlation
obtained from combination of a plurality of individual effect
s1Z€ metrics.

In specific examples, coelflicients of correlation (e.g.,
obtained through transformations of data extracted from
information sources such as scientific peer-reviewed
articles, etc.) can be transformed to z-scores (e.g., using

Fisher’s transformation), such as by using

z=0.5*[(In(1+7))/(In(1-#))]

where r corresponds to coellicient of correlation; where a
meta-analysis can be performed (e.g., where the z-score 1s
regarded as a dependent variable and taxa are included as
independent factors; where diflerent taxa will have different
associations with (e.g., diflerent eflects on; etc.) the one or
more microorganism-related conditions; such as where, an
assumption can be established that the information sources
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used are a subset of all information sources, and the true
cllect size 1s not supposed to be the same in all cases,
motivating a random eflect model to be fitted and where the
information sources used are included as a random eflect;
and where the output of the analysis can include the pre-
dicted values of z-score for each taxon; and/or where the
z-scores can be transformed (e.g., transformed back) to
coellicients of correlation.

In an example (e.g., 1n a first example, as shown 1n Table
1, such as where Table 1 includes observed and theoretical
maximum and minimum values for each of the significance
index metrics, which are resealed between 0 and 100; 1n a
first example, as shown i FIG. 3§, such as where FIG. §
includes histograms of frequencies of significance index
metrics for processed samples processed, such as using
analytical techniques described herein, where X-axis indi-
cates significance index metrics scaled to the range 0-1 using
the maximum and minimum observed values from reference
samples; where results 1include a single major peak corre-
sponding to samples having O relative abundance on all
relevant taxa; etc.), determining a sigmificance index can be
based on

SI=1-(I1(1-7,)*TI(1-7,,))

where II=product function (e.g., the first product function
runs over the directly associated taxa, while the second
product function runs over the nversely associated taxa),
r.=coellicient of correlation of the associated taxa (e.g.,
positive correlation; as shown 1n Table 2), r, =coeflicient of
correlation of the inversely associated organisms (e€.g., nega-
tive correlation; as shown in Table 2); such as where
according to the abundance and the direction of the asso-
ciation, the correlations are classified as “protective” when
associated (e.g., positively associated) taxa are found in low
or normal abundances, when they are not found at all in the
sample, or when 1mversely associated (e.g., negatively asso-
ciated) taxa are found in high abundance in the sample;
and/or where correlations are classified as “penalty” when
associated taxa are positive 1n the sample, when the taxa are
found 1n high abundance, or when inversely associated taxa
are found in low or normal abundance 1n the sample. In a
specific example, determiming the eflect size metrics can
include determining a set of coeflicient of correlations for
the set of associations between the set of microorganism taxa
and the at least one microorgamism-related condition, based
on a meta-analysis; and where determining the significance
index metric based on the eflect size metrics can 1nclude
determining the sigmificance index metric based on the set of
coellicient of correlations. In a specific example, determin-
ing the significance index metric for the user can include
determining the significance index metric based on the user
microbiome composition features and a set of coeflicient of
correlations for the set of associations between the set of
microorganism taxa and the at least one microorganism-
related condition.

In an example (e.g., a second example, as shown 1n Table
1 and FIG. 5), each z-score (e.g., from taxa found an
individual’s samples) can be multiplied by a factor depen-
dent on the direction of the association (e.g., positive or
negative (inverse), between the taxon and the microorgan-
ism-related condition, etc.) and on the abundance of the
organism (e.g., corresponding to the taxon, etc.) i the
sample (e.g., low, normal or high); where the total z-score
can be determined by multiplying the individual scores from
each taxon; and/or where the modified score 1s subtracted
from to get the probability based on:

Probability=1-(z_score®*abundance multiplier)
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where the abundance multiplier 1s determined based on
the abundance of the taxon and the direction of the asso-
ciation, such as according to:

Inversely associated/low abundance=0
Inversely associated/normal abundance=1
Inversely associated/high abundance=1
Associated/low abundance=0

Associated/normal abundance=0

Associated/high abundance =1

where additionally or alternative multipliers (e.g.,
weights) can be added (e.g., i needed), such as before
converting the z-scores back to coeflicients of correlation;
and/or where the one or more total z-scores can be trans-
formed back to coeflicients of correlation such as through
the inverse Fisher transformation:

r=[lexp(2%z)-1]/[exp(2*z)+1]

where r corresponds to coethicient of correlation, and
where a score from -1 to 1 can be obtained, and where to
obtain the percentage of association, the score can be
multiplied by 100. In a specific example, determining the
ellect size metrics can include determining a set of z-scores
for the set of associations between the set of microorganism
taxa and the at least one microorganism-related condition;
and modilying the set of z-scores based on the reference
abundance ranges for the set of microorganism taxa and at
least one of the positive associations and the negative
associations between the set of microorganism taxa and the
at least one microorganism-related condition; and where
determining the significance index metric based on the effect
s1ze metrics can include determining the sigmificance mdex
metric based on the modified set of z-scores. In a specific
example, determining the significance index metric for the
user can include determining the significance index metric
based on the user microbiome composition features and a set
of modified z-scores determined based on the reference
microbiome composition features and a set of z-scores for
the set of associations between the set of microorganism taxa
and the at least one microorganism-related condition.

In an example, determiming a significance index metric
can be based on a Lowry method (e.g., for determining
concentration of proteins 1n a sample, etc.), such as includ-
ing performing a meta-analysis and weighing the outputs
with one or more abundance multipliers (e.g., described
above, etc.); generating mock samples and random combi-
nations ol abundances of the set of taxa (e.g., corresponding
to associations with microorganism-related conditions; etc.);
determining a calibration curve based on the abundances;
and using real samples (e.g., from subjects, users, etc.) in an
interpolation process with the calibration curve to determine
significance 1ndex. In a specific example, determining the
ellect size metrics can mclude performing an interpolation
process based on the reference abundance ranges and a
calibration curve derived from a random set of abundances
for the set of microorgamism taxa; and where determining
the significance index metric based on the effect size metrics
can 1nclude determining the significance index metric based
on the interpolation process. In a specific example, deter-
mining the significance index metric for the user can include
determining the significance index metric based on user
microbiome composition features (and/or suitable user

microbiome features) and an interpolation process with the
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reference microbiome composition features (and/or suitable
reference features) and a calibration curve dernived from a
random set of abundances for the set ol microorganism taxa.
However determining one or more significance mdex met-
rics based on eflect size metrics can be performed 1n any
suitable manner.

In a variation, determining one or more significance index
metrics can include determining one or more propensity
scores, such as based on effect size metrics and user features
(e.g., user abundances, user microbiome features such as
user microbiome composition features, etc.). In a specific
example, determiming the sigmificance index metric can
include determining a propensity score for a user describing
an association between a user microbiome and the at least
one microorganism-related condition, based on the ellect
s1ze metrics and user abundances for the set of microorgan-
1sm taxa. In a specific example, user microbiome composi-
tion features include user abundances for the set of micro-
organism taxa, where the reference microbiome composition
teatures include reference abundance ranges for the set of
microorganism taxa, and where determining the significance
index metric includes determining a propensity score for the
user characterizing the association between the user micro-
biome and the at least one microorganism-related condition,
based on the user abundances and eflect size metrics deter-
mined based on the reference abundance ranges and the set
ol associations between the set of microorganism taxa and
the at least one microorganism-related condition.

In an example (e.g., third example, as shown 1n Table 1
and FI1G. 5), determining a propensity score can be based on:

Zlefﬁhﬁ'r

where 1,, corresponds to the relative abundance of the t-th
taxa on the h-th user, and where ¢, corresponds to the effect
size. In an example (e.g., a fourth example, as shown 1n
Table 1 and FIG. 5), determining a propensity score can be
based on significance of the eflect size, where determining,

the propensity score can be based, on:
2, fap.co with p=BF,o/1+BF 4

where the BF parameter corresponds to the Bayes Factor
(e.g., as shown 1n Table 2), which transforms the coeflicients
of correlation into probabilities (e.g., as shown 1n Table 2).
A propensity score associated with (e.g., calculated using the
equation 1n, etc.) the third example and a propensity score
associated with (e.g., calculated using the equation in, etc.)
the fourth example can be formulated, respectively 1n a fifth
and a sixth example (e.g., as shown 1n Table 1 and FIG. 6),
by transforming the taxa frequency into a continuous range
spanmng from minus to positive infinity using the quantiles
of a standard normal distribution (e.g., to improve apparent
discontinuity on the score produced by taxa having O relative
abundance, etc.); such as where a pseudocount of 10000 can
be applied to the abundances for the two scores. In a specific
example, determining the propensity score includes deter-
mimng the propensity score based on the user abundances,
the eflect size metrics, and significance metrics for the effect
S1ZES.

In examples (e.g., where varnation of sigmificance index
can be aflected by variation on the taxa abundance among
users and magnitude of eflect size metrics; etc.), propensity
scores can be normalized, such as based on bounding with
a predictable minimum and maximum value. In a specific
example, a normalized propensity score (and/or other suit-
able normalized significance index metric) can be deter-
mined based on:

/score -

FRCIXIIILT

normalised score=score,—score, . ... .
score

IRINIINLIN
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such as where the mimimum and maximum values can be
determined empirically based on processed samples from
users (e.g., where scores for the samples can cover the
observed range of abundance of each taxon, etc.), deter-
mined based on information sources, and/or otherwise deter-
mined; and where the minimum and maximum values can be

updatable (e.g., based on newly processed samples, etc.). In
a specific example, determining the significance index met-
ric includes normalizing the propensity score based on a set
of empirical abundance ranges for the set of microorganism
taxa. In a specific example, a set of vaginal samples (and/or
other suitable samples) can be processed to determine
empirical abundances for a set of taxa associated with
human papilloma virus (HPV) (and/or other suitable micro-
organism-related conditions; etc.), where the minimum and
maximum abundances and/or abundances corresponding to
minimum and maximum significance mdex metric scores
can be used 1n determining upper and lower boundaries of
significance index metrics, that can be translated respec-
tively mto a score of 100 and a score of 0. In examples
normalization of propensity score and/or any other suitable
metrics can include one or more of: scaling the determined
metrics based on observed minimum and/or maximum val-
ues of the metric type and/or parameters used in determining
the metric (e.g., based on processing samples; updating
based on processing new samples; etc.); filtering samples
used in determining minimum and/or maximum values of
the metric type, such as based on manual and/or automatic
analysis (e.g., 1n relation to appropriateness for use, such as
based on correlation with microorganism-related conditions
related to the target microorganism-related condition; etc.);
choosing maximum and/or mimmimum values as an empirical
percentile of distribution of observed values from a set of
samples (e.g., lower or higher 99” percentile; etc.), such as
for lowering the eflect of extreme values and allowing
estimation of new maximum and/or minimum value as
additional data (e.g., from additional processed samples)
become available; down-weighting the eflect of extreme
outliers without having to choose a particular percentile,
such as for enabling use of all data and weighing with higher
importance to a larger portion of the set of data, for reducing
the effect of extreme values and enabling estimation of new
maximum and minimum values automatically as more data
becomes available; and/or any other suitable processes.
However, determining propensity scores can be performed
in any suitable manner.

In a variation, determining one or more significance mdex
metrics can be based on one or more labels determined for
(e.g., 1dentified for, assigned to, etc.) one or more samples.
In an example, labels can be assigned based on abundance
of taxa, imn the sample, corresponding to the set of taxa
associated with the at least one microorganism-related con-
dition. In a specific example, the method 100 can include:
determining abundances for a set of taxa for a given sample;
comparing the abundances to healthy abundance ranges for
the each taxon associated with the one or more microorgan-
1sm-related conditions; and assigning a label (e.g., a “flag”)
for each taxon-condition association based on

Low-normal-high range of abundance: the flag applies
when the taxon 1s directly correlated with the health condi-
tion, and abundance 1s ‘high’;

Low-normal-high range of abundance: the flag applies
when the taxon i1s inversely correlated with the health
condition, and abundance 1s ‘low’;

Absent-medium-high range of abundance: the flag applies
when the taxon abundance 1s ‘high’;
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Low-normal range of abundance: the flag applies when
the taxon 1s iversely correlated with the health condition,
and abundance 1s ‘low’:

Normal-high range of abundance: the flag applies when
the taxon 1s directly correlated with the health condition, and
abundance 1s ‘high’;

Negative-positive: the flag applies when the taxon 1s
‘positive’ (e.g., 1t has a non-zero abundance 1n the sample);

Where, for each microorganism-related condition, the
number of assigned labels (e.g., “flags™) can be counted, and
the significance can be calculated based on:

(A/B)x100

where A=Number o { taxa with a label for a condition; and
B=Total taxa associated with that condition. In a specific
example, determining the significance index metric includes
determining a set of labels for a user sample, where deter-
mimng the set of labels includes determining a label of the
set of labels for a taxon of the set of microorganism taxa
based on satisfaction of an abundance condition by a user
abundance for the taxon 1n relation to a reference abundance
range for the taxon, and satisfaction of an association type
condition by an association, of the set of associations,
between the taxon and the at least one microorganism-
related condition, and determining the significance index
metric for a user associated with the user sample, based on
the set of labels. However, determining significance index
metrics based on one or more labels can be determined in
any suitable manner.

In a variation, determining one or more significance index
metrics can be based on one or more artificial intelligence
approaches (e.g., machine learning models; such as signifi-
cance 1ndex models applying artificial 1ntelligence
approaches; etc.), such as to calculate a sample’s probability
of coming from a user with a certain microorganism-related
condition of interest or being healthy. Determining one or
more significance index metrics based on one or more
artificial intelligence approaches can include any one or
more of: transforming (e.g., centered log ratio transforma-
tion, 1sometric log ratio transformation; filtering such as in
relation to feature selection for selecting features with
greatest contribution to classification and/or improved out-
put accuracy; applying any suitable machine learning algo-
rithms (e.g., for training and/or processing types of machine
learning models described herein; etc.); model selection
(e.g., for selecting between different types of machine learn-
ing models, such as based on accuracy comparisons; etc.);
applying machine learning models, such as to classify one or
more components (e.g., samples), such as for classification
of a sample (and/or user, etc.) as healthy or presenting one
or more microorganism-related conditions; and/or other
suitable processes. In a specific example, the method 100
can include performing one or more centered log ratio
and/or 1sometric log ratio transformation of the abundance
ol microorganisms present in one or more samples; filtering
datasets, such as to select only the features corresponding to
the taxa with greatest contribution to classification of
samples as either healthy or presenting a microorganism-
related condition; performing a set of diflerent artificial
intelligence approaches (e.g., random forest classifiers, sup-
port vector machines, logistic regression, K-means, closest
neighbors, etc.) and/or other suitable analytical techniques
for tramming a machine learning model for classiiying
samples (e.g., novel samples) from users as either healthy or
presenting a microorganism-related condition; and applying,
the one or more selected machine learning models, such as
using user features (e.g., derived a microorganism sequence
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dataset generated based on a user sample; etc.) as iputs, for
classitying one or more samples as either healthy or pre-
senting a microorganism-related condition, based on the
probability output by the machine learning model. In a
specific example, the machine learning model can output a
probability of belonging to either group (e.g., healthy or
microorganism-related condition), where the significance
index metric can be determined based on:

Significance Index=(probability of being in the
“microorganism-related condition™ group)x100

where the determined significance index metric can be used
not just as a score of closeness to one or another group (e.g.,
healthy group or microorganism-related condition group,
etc.), but additionally or alternatively as the probability of
belonging to one category or another; and where the sig-
nificance index metrics can be used to classify microbial
samples as coming from healthy users or users with one or
more microbial-related condition (e.g., performing or facili-
tating one or more diagnoses; etc.).

In a specific example, determining the significance mdex
metric includes determining a microorganism-related con-
dition classification associated with a health state of a user
for the at least one microorganism-related condition, based
on user microbiome composition features (e.g., user abun-
dances for a set of taxa associated with one or more
microorganism-related conditions; etc.) and a machine
learning model derived from the set of associations and the
set of reference abundance ranges (e.g., for the set of taxa
associated with one or more microorganism-related condi-
tions; etc.). In a specific example, determining the signifi-
cance 1ndex metric imncludes determining a microorganism-
related condition classification associated with a health state
of the user for the at least one microorganism-related con-
dition, based on the user microbiome composition features
(e.g., user abundances for a set of taxa associated with one
or more microorganism-related conditions; etc.) and a
machine learning model derived from the set of associations
and the set of reference microbiome composition features
(e.g., reference abundance ranges for the set of taxa asso-
ciated with one or more microorganism-related conditions;
etc.).

Artificial intelligence approaches can be used to deter-
mine any suitable number and type of classifications, prob-
abilities, and/or other suitable outputs, such as for determin-
ing any suitable types of significance index metrics (e.g.,
described herein, etc.). For example, machine learning mod-
¢ls can be trained with any suitable number of labels for one
or more microorganism-related conditions (e.g., labels of
healthy and different severities of a condition; different
labels for different conditions, where outputs of the model
can include probabilities of presenting each of the different
microorganism-related conditions; etc.).

Different significance imndex models (e.g, diflerent com-
binations of significance index models; different models
applying different analytical techniques; different inputs
and/or output types; applied 1n different manners such as 1n
relation to time and/or frequency; different significance
index approaches, such as in relation to vanants described
heremn, etc.) can be applied (e.g., executed, selected,
retrieved, stored, trained, generated; as shown 1n FI1G. 14-15,
etc.) based on one or more of: microorganism-related con-
ditions (e.g., using different significance index models
depending on the microorganism-related condition or con-
ditions being characterized, such as where different signifi-
cance mdex models possess differing levels of suitability for
processing data in relation to different microorganism-re-
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lated conditions and/or combinations of conditions, etc.),
taxa (e.g., using different significance mdex models depend-
ing on the types of taxa mvolved with determining signifi-
cance index metrics, such as the types of taxa with associa-
tions to the relevant one or more microorganism-related
conditions; etc.), users (e.g., different significance index
models based on different user data and/or characteristics,
demographic characteristics, genetics, environmental fac-
tors, etc.), mlcroorgamsm-related characterizations (e.g.,
different sigmificance index models for different types of
characterizations, such as a therapy-related characterization
versus a diagnosis-related characterization, such as for iden-
tifying a classification versus determining a propensity score
for a microorganism-related condition; etc.), therapies (e.g.,
different significance index models for determiming and/or
monitoring eflicacy of different therapies, etc.), body sites
(e.g., diflerent significance index models for processing
microorganism datasets corresponding to biological samples
from different sample collection sites; etc.), supplementary
data (e.g., different models for predicting different types of
user data, etc.), and/or any other suitable components.
However, significance index models (e.g., as shown 1n FIG.
10) can be tailored and/or used 1n any suitable manner for
tacilitating significance index metric determination.

Additionally or alternatively, determining one or more
significance index metrics S130 and/or any suitable portions
of embodiments of the method 100 can employ any suitable
combination of analytical techniques (e.g., in any suitable
manner) described 1n U.S. application Ser. No. 16/047,840
filed 27 Jul. 2018, which 1s herein incorporated 1n its entirety
by this reference. However, determining significance index
metrics S130 can be performed 1n any suitable manner.
2.4 Facilitating Diagnosis.

Embodiments of the method 100 can additionally or
alternatively include facilitating diagnosis of one or more
microorganism-related conditions based on one or more
significance index metrics (and/or associated data) S140,
which can function to use significant index metrics and/or
associated data to diagnose and/or aid 1n diagnosis of one or
more microorganism-related conditions. In examples, cal-
culated propensity scores, classifications (e.g., using
machine learning models), sets of assigned labels, and/or
other suitable significance index metrics and/or associated
data can be used 1n diagnosis. In an example, the method 100
can include facilitating diagnosis of the user for the at least
one microorganism-related condition based on the signifi-
cance mndex metric.

Facilitating diagnosis can include using significance
index metrics 1 an additional or alternative manner to using
other suitable diagnostic data (e.g., supplementary data
provided by a user; etc.) and/or diagnostic procedures (e.g.,
computed tomography (CT scan), ultrasound, biopsy, blood
test, cancer screening exams, urine test diagnostic 1maging,
other suitable diagnostic procedures associated with micro-
organism-related conditions, survey-related information,
and/or any other suitable test, etc.). In a specific example,
facilitating diagnosis can include recommending a user to
undergo one or more diagnostic procedures and/or to request
additional diagnostic-related data, such as based on one or
more conditions (e.g., conditions indicating a likelihood of
presenting one or more microorganism-related conditions,
etc.). In specific examples, diagnosis, recommending addi-
tional diagnostic procedures, and/or requesting additional
diagnostic-related data can be 1n response to a calculated
propensity score satistying a threshold condition; a number
of assigned labels (e.g., “tlags™) to taxa satisfying a thresh-
old condition; or a probability output (e.g., corresponding to
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a classification) satisfying a threshold condition. Addition-
ally or alternatively, threshold conditions and/or other suit-
able types of conditions can be used 1n any suitable manner
for any suitable portions of embodiments of the method 100.
However, using significance index metrics with one or more
other processes can be performed 1n any suitable manner.

Facilitating diagnosis S140, facilitating therapeutic inter-
vention S150, and/or other suitable portions of embodiments
of the method 100 can be based on (e.g., can use as inputs
into a model, can user as inputs 1nto calculations; etc.) one
or more features (e.g., described herein; determined 1n
relation to S120; user features; reference features; supple-
mentary features; etc.), and/or any other suitable data.

Facilitating diagnosis can include any one or more of:
providing a diagnosis; providing a diagnostic recommenda-
tion (e.g., to seek a care provider to perform a diagnostic
procedure; etc.); transmitting significance index metrics
and/or other associated data to one or more entities (e.g.,
care providers, for use by care providers in performing a
diagnosis; etc.); providing reports to users (e.g., at user
devices; etc.); and/or any other suitable diagnostic-related
Processes.

Facilitating diagnosis can include facilitating detection of
microorganism-related conditions for a user, which can
motivate subsequent promotion of therapies, such as for
modulation of a user microbiome for improving a user
health state associated with one or more microorganism-
related conditions (e.g., modulation of a user microbiome
towards healthy abundance ranges for taxa associated with
the one or more microorganism-related conditions; etc.).
Additionally or alternatively, diagnostic procedures can
include any one or more of: medical history analyses,
imaging examinations, cell culture tests, antibody tests, skin
prick testing, patch testing, blood testing, challenge testing,
performing portions of embodiments of the method 100,
and/or any other suitable procedures for facilitating the
detecting (e.g., observing, predicting, etc.) of microorgan-
ism-related conditions. Additionally or alternatively, diag-
nostic device-related information and/or other suitable diag-
nostic information can be processed 1n relation to facilitating,
diagnosis and/or therapeutic intervention, and/or collected,
used, and/or otherwise processed 1n relation to any suitable
portions of embodiments of the method 100.

2.5 Facilitating Therapeutic Intervention.

Embodiments of the method 100 can additionally or
alternatively include facilitating therapeutic intervention for
the one or more microorganism-related conditions (e.g.,
based on the one or more significance index metrics and/or
associated data, etc.) S150, which can function to use
significant mndex metrics and/or associated data to facilitate
therapeutic intervention (e.g., promote therapies, provide
therapies, etc.), such as for improving a health state of a user
in relation to one or more microorganism-related conditions.
In an example, the method 100 can include {facilitating
therapeutic intervention for the user for the at least one
microorganism-related condition based on the significance
index metric.

Facilitating therapeutic intervention can include 1dentify-
ing, selecting, ranking, prioritizing, predicting, discourag-
ing, and/or otherwise facilitating therapeutic intervention.
For example, facilitating therapeutic intervention can
include determining one or more ol probiotic-based thera-
pies, bacteriophage-based therapies, small molecule-based
therapies, and/or other suitable therapies, such as therapies
that can shift a subject’s microbiome composition, function,
diversity, and/or other characteristics (e.g., microbiomes at
any suitable sites, etc.) toward a desired state (e.g., equilib-
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rium state, etc.), such as a towards a healthy microbiome
composition (e.g., abundances 1n healthy reference abun-
dance ranges; etc.), such as in promotion of a user’s health,
such as for moditying a state ol one or more microorganisin-
related conditions, and/or for other suitable purposes.

Therapies (e.g., microorganism-related therapies, etc.)
can include any one or more of: consumables (e.g., probiotic
therapies, prebiotic therapies, medication such as antibiotics,
allergy or cold medication, bacteriophage-based therapies,
consumables for underlying conditions, small molecule
therapies, etc.); device-related therapies (e.g., monitoring,
devices; sensor-based devices; medical devices; implantable
medical devices; etc.); surgical operations; psychological-
associated therapies (e.g., cognitive behavioral therapy,
anxiety therapy, talking therapy, psychodynamic therapy,
action-oriented therapy, rational emotive behavior therapy,
interpersonal psychotherapy, relaxation training, deep
breathing techniques, progressive muscle relaxation, medi-
tation, etc.); behavior modification therapies (e.g., physical
activity recommendations such as increased exercise;
dietary recommendations such as reducing sugar intake,
increased vegetable intake, increased fish intake, decreased
caflfeine consumption, decreased alcohol consumption,
decreased carbohydrate intake; smoking recommendations
such as decreasing, tobacco intake; weight-related recom-
mendations; sleep habit recommendations etc.); topical
administration therapies (e.g., topical probiotic, prebiotic,
and/or antibiotics; bacteriophage-based therapies); environ-
mental factor modification therapies; modification of any
other suitable aspects associated with one or more micro-
organism-related conditions; and/or any other suitable thera-
pies (e.g., for improving a health state associated with one
or more microorganism-related conditions, such as therapies
for improving one or more microorganism-related condi-
tions, therapies for reducing the risk of one or more micro-
organism-related conditions, etc.). In examples, types of
therapies can include any one or more of: probiotic thera-
pies, bacteriophage-based therapies, small molecule-based
therapies, cognitive/behavioral therapies, physical rehabili-
tation therapies, clinical therapies, medication-based thera-
pies, diet-related therapies, and/or any other suitable therapy
designed to operate 1n any other suitable manner in promot-
ing a user’s health.

In variations, therapies can include site-specific therapies
associated with one or more body sites, such as for facili-
tating modification of microbiome composition and/or func-
tion at one or more different body sites of a user (e.g., one
or more different collection sites, etc.), such as targeting
and/or transiforming microorganisms associated with one or
more of a nose site, gut site, skin site, mouth site, and/or
genital site; such as by facilitating therapeutic intervention
in relation to one or more therapies configured to specifically
target one or more user body sites, such as microbiome at
one or more of the user body sites; such as for facilitating
improvement of one or more microorganism-related condi-
tions (e.g., by modilying user microbiome composition
and/or function at a particular user body site towards a target
microbiome composition and/or function, such as microbi-
ome composition and/or function at a particular body site
and associated with a healthy microbiome status and/or lack
of the one or more microorganism-related condition; etc.).
Facilitating therapeutic itervention in relation to site-spe-
cific therapies can be based on site-specific significance
index metrics (e.g., facilitating a site-specific therapy to
modulate a microbiome composition at a specific site
towards a healthy microbiome composition including taxa
used in determining a corresponding site-specific signifi-
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cance 1ndex metric, such as taxa associated with the relevant
microorganism-related condition at the site; etc.). Site-spe-
cific therapies can include any one or more of consumables
(e.g., targeting a body site microbiome and/or microbiomes
associated with any suitable body sites; etc.); topical thera-
pies (e.g., Tor moditying a skin microbiome, a nose micro-
biome, a mouth microbiome, a genitals microbiome, etc.);
and/or any other suitable types of therapies. In an example,
the method 100 can include collecting a sample associated
with a first body site (e.g., including at least one of a nose
site, gut site, a skin site, a genital site, a mouth site, etc.)
from a user; determining site-specific composition features
associated with the first body site; determining a significance
index metric for the user for the microorganism-related
condition based on the site-specific composition features
(e.g., and site-specific reference features; etc.); and facili-
tating therapeutic intervention in relation to a first site-
specific therapy for the user (e.g., providing the first site-
specific therapy to the wuser; etc.) for {facilitating
improvement of the microorganism-related condition, based
on the significance index metric, where the first site-specific
therapy 1s associated with the first body site. In an example,
the method 100 can 1include collecting a post-therapy sample
from the user after the facilitation of the therapeutic inter-
vention 1n relation to the first site-specific therapy (e.g., after
the providing of the first site-specific therapy; etc.), where
the post-therapy sample 1s associated with a second body
site (e.g., including at least one of the nose site, gut site, the
skin site, the genital site, the mouth site; etc.); determining
a post-therapy significance index metric for the user for the
microorganism-related condition based on site-specific fea-
tures associated with the second body site; and facilitating
therapeutic intervention 1n relation to a second site-specific
therapy for the user (e.g., providing a second site-specific
therapy to the user; etc.) for facilitating improvement of the
microorganism-related condition, based on the post-therapy
significance index metric, where the second site-specific
therapy 1s associated with the second body site. However,
significance 1mndex metrics (e.g., site-specific or site-inde-
pendent) can be determined and/or used at any suitable time
and frequency (e.g., pre-therapy, post-therapy, at any suit-
able stage of a user’s microbiome; at any suitable temporal
indicator; etc.).

In a varniation, therapies can include one or more bacte-
riophage-based therapies (e.g., in the form of a consumable,
in the form of a topical administration therapy, etc.), where
one or more populations (e.g., 1n terms of colony forming
units) ol bacteriophages specific to a certain bacteria (or
other microorganism) represented 1n the subject can be used
to down-regulate or otherwise eliminate populations of the
certain bacteria. As such, bacteriophage-based therapies can
be used to reduce the size(s) of the undesired population(s)
of bacteria represented 1n the subject. Additionally or alter-
natively, bacteriophage-based therapies can be used to
increase the relative abundances of bacterial populations not
targeted by the bacteriophage(s) used. However, bacterio-
phage-based therapies can be used to modulate characteris-
tics of microbiomes (e.g., microbiome composition, micro-
biome function, etc.) 1n any suitable manner, and/or can be
used for any suitable purpose.

In vanations, therapies can include one or more probiotic
therapies and/or prebiotic therapies associated with any
combination of at least one or more of (e.g., including any
combination of one or more of, at any suitable amounts
and/or concentrations, such as any suitable relative amounts
and/or concentrations; etc.) any suitable taxa described
herein (e.g., in relation to one or more microbiome compo-
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sition features associated with one or more microorganism-
related conditions, etc.), and/or any other suitable microor-
ganisms associated with any suitable taxonomic groups
(e.g., microorganisms from taxa described herein, such as in
relation to microbiome features; taxa associated with func-
tional features described herein, etc.). For one or more
probiotic therapies and/or other suitable therapies, microor-
ganisms associated with a given taxonomic group, and/or
any suitable combination of microorganisms can be pro-
vided at dosages of 0.1 million to 10 billion CFU, and/or at
any suitable amount (e.g., as determined from a therapy
model that predicts positive adjustment of a patient’s micro-
biome 1n response to the therapy; diflerent amounts for
different taxa; same or similar amounts for diflerent taxa;
etc.). In an example, a subject can be instructed to ingest
capsules including the probiotic formulation according to a
regimen tailored to one or more of his/her: physiology (e.g.,
body mass index, weight, height), demographic character-
istics (e.g., gender, age), severity ol dysbiosis, sensitivity to
medications, and any other suitable factor. In examples,
probiotic therapies and/or prebiotic therapies can be used to
modulate a user microbiome (e.g., in relation to composi-
tion, function, etc.) for facilitating improvement of one or
more microorganism-related conditions. In examples, facili-
tating therapeutic mtervention can include promoting (e.g.,
recommending, informing a user regarding, providing,
administering, facilitating obtainment of, etc.) one or more
probiotic therapies and/or prebiotic therapies to a user, such
as for facilitating improvement of one or more microorgan-
ism-related conditions.

In a specific example of probiotic therapies, as shown in
FIG. 11, candidate therapies can perform one or more of:
blocking pathogen entry 1nto an epithelial cell by providing
a physical barrier (e.g., by way of colonization resistance),
inducing formation of a mucous barrier by stimulation of
goblet cells, enhance integrity of apical tight junctions
between epithelial cells of a subject (e.g., by stimulating up
regulation of zona-occludens 1, by preventing tight junction
protein redistribution), producing antimicrobial factors,
stimulating production of anti-inflammatory cytokines (e.g.,
by signaling of dendritic cells and induction of regulatory
T-cells), triggering an immune response, and performing any
other suitable function that adjusts a subject’s microbiome
away Irom a state of dysbiosis. However, probiotic therapies
and/or prebiotic therapies can be configured 1n any suitable
mannet.

In another specific example, therapies can include medi-
cal-device based therapies (e.g., associated with human
behavior modification, associated with treatment of disease-
related conditions, etc.).

Additionally or alternatively, facilitating therapeutic inter-
vention can be based on identification of a “normal™ or
baseline microbiome composition and/or functional fea-
tures, as assessed from subjects of a population of subjects
who are 1dentified to be 1n good health. Upon 1dentification
ol a subset of subjects of the population of subjects who are
characterized to be 1n good health (e.g., using features of the
characterization process), therapies that modulate microbi-
ome compositions and/or functional features toward those of
subjects 1n good health (e.g., using significance index met-
rics; etc.) can be determined and/or promoted. Therapies can
additionally or alternatively include therapies that can shiit
microbiomes ol subjects who are 1 a state of dysbiosis
toward one of the 1dentified baseline microbiome composi-
tions and/or functional features.

Microorganism compositions associated with probiotic
therapies and/or prebiotic therapies (e.g., associated with
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probiotic therapies, such as determined based on one or
more significance index metrics, etc.) can include microor-
ganisms that are culturable (e.g., able to be expanded to
provide a scalable therapy) and/or non-lethal (e.g., non-
lethal 1n their desired therapeutic dosages). Furthermore,
microorganism compositions can include a single type of
microorganism that has an acute or moderated eflect upon a
subject’s microbiome. Additionally or alternatively, micro-
organism compositions can include balanced combinations
of multiple types of microorganisms that are configured to
cooperate with each other 1n driving a subject’s microbiome
toward a desired state. For instance, a combination of
multiple types of bacteria in a probiotic therapy can include
a 1irst bactenia type that generates products that are used by
a second bacteria type that has a strong eflect in positively
aflecting a subject’s microbiome. Additionally or alterna-
tively, a combination of multiple types of bacternia in a
probiotic therapy can include several bacteria types that
produce proteins with the same functions that positively
allect a subject’s microbiome.

Probiotic and/or prebiotic compositions can be naturally
or synthetically derived. For instance, 1n one application, a
probiotic composition can be naturally derived from fecal
matter or other biological matter (e.g., of one or more
subjects having a baseline microbiome composition and/or
functional features, as identified using one or more pro-
cesses of embodiments of the method 100; etc.). Addition-
ally or alternatively, probiotic compositions can be syntheti-
cally derived (e.g., derived using a benchtop method) based
upon a baseline microbiome composition and/or functional
features. In variations, microorganism agents that can be
used 1n probiotic therapies can include one or more of: yeast
(e.g., Saccharomyces boulardii), gram-negative bacteria
(e.g., E. coli Nissle), gram-positive bacteria (e.g., Bifido-
bacteria bifidum, Bifidobacteria infantis, Lactobacillus
rhamnosus, Lactococcus lactis, Lactobacillus plantarum,
Lactobacillus acidophilus, Lactobacillus casei, Bacillus
polyfermenticus, etc.), and any other suitable type of micro-
organism agent. However, probiotic therapies, prebiotic
therapies and/or other suitable therapies can include any
suitable combination of microorganisms associated with any
suitable taxa described herein, and/or therapies can be
configured 1n any suitable manner.

In variations, facilitating therapeutic intervention (e.g.,
providing therapies, etc.) and/or other suitable portions of
embodiments of the method 100 can include provision of
notifications (e.g., as shown in FIGS. 8A-8D, 12, and 16) to
a user regarding one or more recommended therapies, other
forms of therapy, significance index metrics, diagnoses,
diagnostic recommendations, and/or any other suitable data
(e.g., described herein; etc.). In a specific example, facili-
tating therapeutic intervention (e.g., providing a therapy;
etc.) can include providing therapy recommendations (e.g.,
substantially concurrently, such as in the same report, as
providing significance index metrics and/or data derived
from significance index metrics; etc.) and/or other suitable
therapy-related information (e.g., therapy eflicacy; compari-
sons to other individual users, subgroups of users, and/or
populations of users; therapy comparisons; historic therapies
and/or associated therapy-related imnformation; psychologi-
cal therapy guides such as for cognitive behavioral therapy;
ctc.). Notifications can be presented a web interface (e.g.,
through a user account associated with and identifying a
user; etc.).

Notifications can be provided to a user by way of an
clectronic device (e.g., personal computer, mobile device,
tablet, wearable, head-mounted wearable computing device,
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wrist-mounted wearable computing device, etc.), such as a
device that executes an application, web interface, and/or
messaging client configured for notification provision. In
one example, a web interface of a personal computer or
laptop associated with a user can provide access, by the user,
to a user account of the user, where the user account can be
associated with information regarding the user’s microbi-
ome (e.g., detailed characterization of aspects of the user’s
microbiome 1n relation to correlations with microorganism-
related conditions; etc.), and/or notifications regarding sug-
gested therapeutic measures (e.g., generated 1n Blocks S140
and/or S170, etc.). In another example, an application
executing at a personal electronic device (e.g., smart phone,
smart watch, head-mounted smart device) can be configured
to provide notifications (e.g., at a display, haptically, 1n an
auditory manner, etc.), such as regarding therapy sugges-
tions based on significance index metrics. Notifications
and/or probiotic therapies can additionally or alternatively
be provided directly through an entity associated with a user
(c.g., a caretaker, a spouse, a significant other, a healthcare
proiessional, etc.). In variations, notifications can addition-
ally or alternatively be provided to an entity (e.g., healthcare
proiessional) associated with a user, such as where the entity
1s able to facilitate provision of the therapy (e.g., by way of
prescription, by way of conducting a therapeutic session,
through a digital telemedicine session using optical and/or
audio sensors of a computing device, etc.). Providing noti-
fications and/or otherwise facilitating therapeutic interven-
tion, however, be performed 1n any suitable manner.
However, facilitating therapeutic intervention S150 can
be performed 1n any suitable manner.
3. Examples.
In specific examples, one or more diet-related condition
models (e.g., for determining diet-relation condition classi-
fications such as whether a user consumes a certain food or
drink, follows a certain diet, etc.), such as a calleine con-
sumption model (e.g., and/or other suitable significance
index models and/or related models; and/or other suitable
models for any suitable diet-related conditions, such as
described herein, etc.) can be processed (e.g., generated,
trained, applied, etc.), such as for predicting, based on set of
microbiome composition features (e.g., user microbiome
composition features such as user abundances for taxa
associated with cafleine consumption, etc.) and/or other
suitable features (e.g., supplementary features, microbiome
functional features, etc.) a diet-related condition metric,
such as a calleine consumption metric (e.g., a classification
as to whether the user 1s a cafleine consumer or not, etc.). In
specific examples, taxa (and/or associated abundances) can
be associated with one or more diet-related conditions (e.g.,
dietary profiles; types of consumed foods; etc.), such as
where the taxa can additionally or alternatively be associated
with one or more other microorganism-related conditions
(e.g., disease; etc.), such as where determination of a diet’s
cllect on microbiome can enable inferences and/or other
suitable insights into a microbiome, a status of a microor-
ganism-related condition, and/or other suitable microbiome
and/or microorganism-related condition 1nsights, such as 1n
relation to diagnostics and/or therapeutics. In a specific
example, a callemne consumer model can be trained upon
and/or otherwise processed based on features descnblng
taxa abundances for cafleine consumers and non-cafieine
consumers. In a specific example, different artificial intelli-
gence approaches can be applied for traimng different
machine learning models, such as including support vector
machine (SVM) models (e.g., as shown in FIG. 7B-7E)

and/or random forest classifier models (e.g., as shown 1n
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FIG. 7A). In specific examples, microbiome composition
features (and/or other suitable microbiome features) for
caifleine consumer prediction (e.g., for processing caileine
consumer models; etc.) and/or other suitable diet-related
condition predictions (e.g., classifications, etc.) can be asso-
ciated with one or more taxa including: Alistipes;
Anaervotruncus; Bactevoides; Bifidobacterium; Bilophila;
Blautia; Butyricimonas; Clostridium; Collinsella; Erysip-
elatoclostridium; Faecalibacterium; Flavobacterium,; Fla-
vonifractor; Granulicatella; Hespellia;, Intestinimonas;
Kluyvera; Lachnospiva;, Marvinbryantia;, QOdoribacter,
Oscillibacter; Parabacteroides; Phascolarctobacterium;
Pseudobutyrivibrio; Roseburia; Streptococcus; Subdo-
ligranulum; Sutterella; and/or 1errisporobacter. In a specific
example, taxa for microbiome composition features can be
selected through any suitable means, such as based on
“1mportance score” 1 random forest approaches. In a spe-
cific example, determiming the mlcroorgamsm-related COn-
dition classification includes determining a cafleine con-
sumption classification for the user based on the machine
learning model and the user microbiome composition fea-
tures associated with the set ol microorganism taxa, where
the set of microorganism taxa includes at least one of:
Alistipes; Anaerotruncus; Bactevoides; DBifidobacterium;
Bilophila; Blautia; Butyricimonas; Clostridium,; Collin-
sella; Evysipelatoclostridium; Faecalibacterium; Flavobac-
tevium,; Flavonifractor; Granulicatella; Hespellia; Intestini-
Monas; Kluyvera, Lachnospira; Marvinbryantia;
Odoribacter; Oscillibacter; Parabacteroides; Phascolarc-
tobacterium,; Pseuclobutyrivibrio; Roseburia; Streptococ-
cus,; Subdoligranulum; Sutterella;, and Ierrisporobacter. In
a specific example, determining the microorganism-related
condition classification includes determining a diet-related
condition classification, associated with a diet-related con-
dition, for the user based on the machine learning model and
the user microbiome composition features associated with
the set of microorganism taxa. In a specific example the
diet-related condition can include at least one of cafleine
consumption, alcohol consumption, artificial sweetener con-
sumption, and sugar consumption; where determining the
microorganism-related condition classification comprises
determining at least one of a cafleine consumption classifi-
cation, an alcohol consumption classification, an artificial
sweetener consumption classification, and a sugar consump-
tion classification.

In specific examples, one or more significance index
metrics can be determined for one or more HPV conditions
and/or any suitable women’s health-related conditions (e.g.,
described herein; as shown i FIG. 8A-8D), such as for
characterizing how a user’s vaginal microbiome composi-
tion 1s similar to or departs from that of healthy imndividuals
without one or more of the women’s health-related condi-
tions.

Microbiome analysis can enable accurate and/or eflicient
microorganism-related characterization (e.g., of a user
microbiome, of a user sample, of a user, etc.) and/or therapy
provision (€.g., according to portions of embodiments of the
method 100, etc.) for microorganism-related conditions
caused by, correlated with, and/or otherwise associated with
microorganisms, such as through determination and/or use
of significance index metrics. Specific examples of the
technology can overcome several challenges faced by con-
ventional approaches. First, conventional approaches can
require patients to visit one or more care providers to receive
a characterization and/or a therapy recommendation, such as
for a microorganism-related condition, which can amount to
inethiciencies and/or health-risks associated with the amount
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of time elapsed belfore diagnosis and/or treatment, with
inconsistency 1n healthcare quality, and/or with other aspects
of care provider visitation. Second, conventional genetic
sequencing and analysis technologies for human genome
sequencing can be incompatible and/or ineflicient when
applied to the microbiome (e.g., where the human microbi-
ome can 1nclude over 10 times more microbial cells than
human cells; where viable analytical techniques and the
means of leveraging the analytical techniques can differ;
where optimal sample processing techniques can difler, such
as for reducing amplification bias; where diflerent
approaches to microorganism-related characterizations can
be employed; where the types of conditions and correlations
can difler; where causes of the associated conditions and/or
viable therapies for the associated conditions can diifer;
where sequence reference databases can differ; where the
microbiome can vary across different body regions of the
user such as at different collection sites; etc.). Third, the
onset ol sequencing technologies (e.g., next-generation
sequencing, associated technologies, etc.) has given rise to
technological issues (e.g., data processing and analysis
issues for the plethora of generated sequence data; 1ssues
with processing a plurality of biological samples 1n a mul-
tiplex manner; information display issues; therapy predic-
tion 1ssues; therapy provision 1ssues, etc.) that would not
exist but for the unprecedented advances 1n speed and data
generation associated with sequencing genetic material.
Specific examples of the method 100 and/or system 200 can
confer technologically-rooted solutions to at least the chal-
lenges described above.

First, specific examples of the technology can transform
entities (e.g., users, biological samples, therapy facilitation
systems including medical devices, etc.) into different states
or things. For example, the technology can transform a
biological sample into components able to be sequenced and
analyzed to generate significance mdex metrics, such as
usable for characterizing users in relation to one or more
microorganism-related conditions (e.g., such as through use
ol next-generation sequencing systems, multiplex amplifi-
cation operations; etc.). In another example, the technology
can 1dentily, discourage and/or promote (e.g., present, rec-
ommend, provide, administer, etc.), therapies (e.g., person-
alized therapies based on a microorganism related charac-
terization; etc.) and/or otherwise facilitate therapeutic
intervention (e.g., facilitating modification of a user’s micro-
biome composition, microbiome functionality, etc.), such as
based on significance index metrics, which can prevent
and/or ameliorate one or more microorganism-related con-
ditions, such as thereby transforming the microbiome and/or
health of the patient (e.g., improving a health state associ-
ated with a microorganism-related condition; etc.), such as
based on applying one or more microbiome features (e.g.,
applying correlations, relationships, and/or other suitable
associations between microbiome features and one or more
microorganism-related conditions; etc.). In another example,
the technology can transform microbiome composition and/
or function at one or more diflerent body sites of a user (e.g.,
one or more different collection sites; etc.), such as targeting
and/or transforming microorganisms associated with the
nose, gut, skin, mouth, genitals, and/or other sites associated
with a microbiome (e.g., by facilitating therapeutic inter-
vention 1n relation to one or more site-specific therapies;
etc.). In another example, the technology can control therapy
tacilitation systems (e.g., dietary systems; automated medi-
cation dispensers; behavior modification systems; diagnostic
systems; disease therapy facilitation systems; etc.) to pro-
mote therapies (e.g., by generating control mnstructions for
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the therapy {facilitation system to execute; etc.), thereby
transforming the therapy facilitation system.

Second, specific examples of the technology can confer
improvements in computer-related technology (e.g., improv-
ing computational efliciency in storing, retrieving, and/or
processing microorganism-related data for microorganism-
related conditions such as associations and/or features; com-
putational processing associated with biological sample pro-
cessing, etc.) such as by facilitating computer performance
of functions not previously performable. For example, the
technology can apply a set of analytical techniques 1n a
non-generic manner to non-generic microorganism datasets
and/or microbiome features (e.g., that are recently able to be
generated and/or are viable due to advances in sample
processing techniques and/or sequencing technology, etc.)
for determining significance index metrics, such as for
improving microorganism related characterizations (e.g.,
diagnoses, etc.) and/or facilitating therapeutic intervention
for microorganism-related conditions.

Third, specific examples of the technology can confer
improvements 1n processing speed, microorganism-related
characterization, accuracy, microbiome-related therapy
determination and promotion, and/or other suitable aspects,
such as 1n relation to microorganism-related conditions. For
example, the technology can leverage non-generic microor-
ganism datasets to determine, select, and/or otherwise pro-
cess microbiome features of particular relevance to one or
more types of microorganism-related conditions (e.g., pro-
cessed microbiome features relevant to a microorganisms-
related condition; cross-condition microbiome features with
relevance to a plurality of microorganism-related conditions,
etc.), which can facilitate improvements in accuracy (e.g., by
using the most relevant microbiome features; by leveraging
tailored analytical techniques; etc.), processing speed (e.g.,
by selecting a subset of relevant microbiome features; by
performing dimensionality reduction techniques; by lever-
aging tailored analytical techniques; etc.), and/or other com-
putational improvements (e.g., 1 relation to phenotypic
prediction, such as indications of the microorganism-related
conditions, etc.), other suitable characterizations, therapeus-
tic intervention facilitation, and/or other suitable purposes.
In a specific example, the technology can apply feature-
selection rules (e.g., microbiome feature-selection rules for
composition, function; for supplemental features extracted
from supplementary datasets; etc.) to select an optimized
subset of features (e.g., microbiome functional features
relevant to one or more microorgamsm-related conditions;
microbiome composition diversity features such as refer-
ence relative abundance features indicative of healthy, pres-
ence, absence, and/or other suitable ranges of taxonomic
groups associated with microorganism related conditions;
user relative abundance features that can be compared to
reference relative abundance features correlated with micro-
organism-related conditions and/or therapy responses; etc.)
out of a vast potential pool of features (e.g., extractable from
the plethora of microbiome data such as sequence data;
identifiable by univariate statistical tests; etc.) for generat-
ing, applying, and/or otherwise facilitating characterization
and/or therapies (e.g., through models, etc.). The potential
size of microbiomes (e.g., human microbiomes, animal
microbiomes, etc.) can translate mto a plethora of data,
giving rise to questions of how to process and analyze the
vast array of data to generate actionable microbiome insights
in relation to microorganism-related characterizations. How-
ever, the feature-selection rules and/or other suitable com-
puter-implementable rules can enable one or more of:
shorter generation and execution times (e.g., for generating,
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and/or applying models; for determining microorganisms-
related characterizations and/or associated therapies; etc.);
optimized sample processing techmques (e.g., improving
transformation of microorganism nucleic acids from bio-
logical samples through using primer types, other biomol-
ecules, and/or other sample processing components 1denti-
fied through computational analysis of taxonomic groups,
sequences, and/or other suitable data associated with micro-
organism-related conditions, such as while optimizing for
improving specificity, reducing amplification bias, and/or
other suitable parameters; etc.); model simplification facili-
tating eflicient interpretation of results; reduction in over-
fitting; network etlects associated with generating, storing,
and applying microorganism-related characterizations for a
plurality of users over time in relation to microorganism-
related conditions (e.g., through collecting and processing
an 1creasing amount of microbiome-related data associated
with an increasing number of users to 1mprove predictive
power of the microorganism-related characterizations and/or
therapy determinations; etc.); improvements in data storage
and retrieval (e.g., storing and/or retrieving significance
index models; storing specific models such as in association
with different users and/or sets of users, with different
microorganism-related conditions; storing microorganism
datasets 1n association with user accounts; storing therapy
monitoring data in association with one or more therapies
and/or users receiving the therapies, such as in relation to
significance index metrics; storing features, microorganism-
related characterizations, and/or other suitable data 1n asso-
ciation with a user, set of users, and/or other entities to
improve delivery of personalized characterizations and/or
treatments for the microorganism-related conditions, etc.),
and/or other suitable improvements to technological areas.

Fourth, specific examples of the technology can amount
to an mventive distribution of functionality across compo-
nents including a sample handling system, a microorganism-
related characterization system, and a plurality of users,
where the sample handling system can handle substantially
concurrent processing ol biological samples (e.g., 1 a
multiplex manner) from the plurality of users, which can be
leveraged by the microorganism-related characterization
system 1n generating personalized characterizations, and/or
therapies (e.g., customized to the user’s microbiome such as
in relation to the user’s dietary behavior, probiotics-associ-
ated behavior, medical history, demographic characteristics,
other behaviors, preferences, etc.) for microorganism-re-
lated conditions.

Fifth, specific examples of the technology can improve
the techmical fields of at least genomics, microbiology,
microbiome-related computation, diagnostics, therapeutics,
microbiome-related digital medicine, digital medicine gen-
erally, modeling, and/or other relevant fields. In an example,
the technology can model and/or characterize diflerent
microorganism-related conditions, such as through compu-
tational identification of relevant microorganism features
(e.g., which can act as biomarkers to be used 1n diagnoses,
facilitating therapeutic intervention, etc.) for microorgan-
ism-related conditions. In another example, the technology
can perform cross-condition analysis to 1dentify and evalu-
ate cross-condition microbiome features associated with
(e.g., shared across, correlated across, etc.) a plurality of a
microorganism-related conditions (e.g., diseases, pheno-
types, etc.). Such identification and characterization of
microbiome features can facilitate improved health care
practices (e.g., at the population and individual level, such as
by facilitating diagnosis and therapeutic intervention, etc.),
by reducing risk and prevalence of comorbid and/or multi-
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morbid microorganism-related conditions (e.g., which can
be associated with environmental factors, and thereby asso-
ciated with the microbiome, etc.). In specific examples, the
technology can apply unconventional processes (e.g.,
sample processing processes; computational analysis pro-
cesses; efc.), such as to confer improvements 1n technical
fields.

Sixth, the technology can leverage specialized computing
devices (e.g., devices associated with the sample handling
system, such as next-generation sequencing systems; micro-
organism-related characterization systems; therapy facilita-
tion systems; etc.) in performing suitable portions associated
with embodiments of the method 100 and/or system 200.

Specific examples of the technology can, however, pro-
vide any suitable improvements in the context of using
non-generalized components and/or suitable components of
embodiments of the system 200 for microorganism-related
characterization, microbiome modulation, and/or for per-
forming suitable portions of embodiments of the method
100.

4. Other

Embodiments of the method 100 can, however, include
any other suitable blocks or steps configured to facilitate
reception of biological samples from subjects, processing of
biological samples from subjects, analyzing data derived
from biological samples, and generating models that can be
used to provide customized diagnostics and/or probiotic-
based therapeutics according to specific microbiome com-
positions and/or functional features of subjects.

Embodiments of the method 100 and/or system 200 can
include every combination and permutation of the various
system components and the various method processes,
including any vanants (e.g., embodiments, variations,
examples, specific examples, figures, etc.), where portions
of embodiments of the method 100 and/or processes
described herein can be performed asynchronously (e.g.,
sequentially), concurrently (e.g., in parallel), or 1n any other
suitable order by and/or using one or more instances, ele-
ments, components of, and/or other aspects of the system
200 and/or other entities described herein.

Any of the variants described herein (e.g., embodiments,
variations, examples, specific examples, figures, etc.) and/or
any portion of the variants described herein can be addi-
tionally or alternatively combined, aggregated, excluded,
used, performed serially, performed 1n parallel, and/or oth-
erwise applied.

Portions of embodiments of the method 100 and/or sys-
tem 200 can be embodied and/or implemented at least in part
as a machine configured to receive a computer-readable
medium  storing computer-readable 1nstructions. The
instructions can be executed by computer-executable com-
ponents that can be integrated with the system. The com-

puter-readable medium can be stored on any suitable com-
puter-readable media such as RAMs, ROMs, ROMSs, flash

memory, EEPROMs, optical devices (CD or DVD), hard
drives, tloppy drives, or any suitable device. The computer-
executable component can be a general or application spe-
cific processor, but any suitable dedicated hardware or
hardware/firmware combination device can alternatively or
additionally execute the instructions.

As a person skilled 1n the art will recognize from the
previous detailed description and from the figures and
claims, modifications and changes can be made to embodi-
ments of the method 100, system 200, and/or variants
without departing from the scope defined in the claims.
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TABLE 1

Samples
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Theoretical

Minimum = Maxunum

Minimum Maximum

First example 1.4 87.38 0 88.43
Second example 0 99.99 0 99.99
Third example -40.71 45.45 -41.0 64.0
Fourth example —-17.34 45.45 -17.46 63.9
Fifth example -4.59 1.42 -5.10 2.38
Sixth example -4.20 0.34 -5.92 2.38
TABLE 2
Probability of
assoclation:;
Calculated with
Bayes factor (BF)
as probability of
Correlation assoclation = BF/
Taxa coeflicient Bayes factor (1 + BF)
Fusobacterium -0.1 0.14 0.12
nucleatum
Gardnerella 0.083 042 0.29
Gardrerella 0.34 5.81 0.85
vaginalis
Lactobacillus iners -0.41 0.74 0.42
Sneathia 0.64 35453.65 0.99

We claim:

1. A method for characterizing at least one microorgan-
ism-related condition, the method comprising:

determining a set of associations between a set of micro-

organism taxa and the at least one microorganism-
related condition by automatically processing data
sources using natural language processing algorithms
to extract the set of microorganism taxa and associated
conditions to generate the set of associations, wherein
the set of associations comprises at least one of positive
associations, negative associations, and non-associa-
tions;

determining a set of reference abundance ranges for the

set of microorganism taxa using a machine learning
algorithm, wherein the reference abundance ranges are
associated with the at least one microorganism-related
condition and comprise healthy abundance ranges cor-
responding to healthy range of relative abundance of
the microorganism taxa associated with the at least one
microorganism-related condition, and unhealthy abun-
dance ranges corresponding to unhealthy range of
relative abundance of the microorganism taxa associ-
ated with the at least one microorganism-related con-
dition; and

determining a significance index metric comprising a

propensity score characterizing the set of associations
between the set of microorganism taxa and the at least
one microorganism-related condition, based on the set
of associations and the reference abundance ranges for
the set of microorganism taxa,

wherein the propensity score 1s indicative of propensity of

a user for the at least one microorganism-related con-
dition.

2. The method of claim 1, wherein determining the
significance index metric comprises:
determining eflect size metrics for the set of associations

between the set of microorganism taxa and the at least
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one microorganism-related condition, based on the set
of reference abundance ranges for the set of microor-
ganism taxa; and

determiming the significance index metric based on the

cllect size metrics.

3. The method of claim 2,

wherein determining the eflect size metrics comprises
determining a set of coeflicient of correlations for the
set of associations between the set of microorganism
taxa and the at least one microorganism-related condi-
tion, based on a meta-analysis, and

wherein determining the significance index metric based
on the eflect size metrics comprises determining the
significance index metric based on the set of coellicient
of correlations.

4. The method of claim 2,

wherein determining the effect size metrics comprises

determining a set of z-scores for the set of associations

between the set of microorganism taxa and the at
least one microorganism-related condition; and
moditying the set of z-scores based on the reference
abundance ranges for the set of microorganism taxa
and at least one of the positive associations and the
negative associations between the set of microorgan-
1sm taxa and the at least one microorganism-related
condition; and
wherein determining the significance index metric based
on the eflect size metrics comprises determining the
significance index metric based on the modified set of
Z-SCOres.

5. The method of claim 2,

wherein determining the eflect size metrics comprises
performing an interpolation process based on the ref-
erence abundance ranges and a calibration curve
derived from a random set of abundances for the set of
microorganism taxa, and

wherein determining the significance index metric based

on the effect size metrics comprises determining the
significance index metric based on the interpolation
process.

6. The method of claim 2, wheremn determining the
significance idex metric comprises determining a propen-
s1ty score for a user describing an association between a user
microbiome and the at least one microorganism-related
condition, based on the eflect size metrics and user abun-
dances for the set of microorganism taxa.

7. The method of claim 6, wherein determining the
significance 1ndex metric comprises normalizing the pro-
pensity score based on a set of empirical abundance ranges
for the set of microorganism taxa.

8. The method of claim 1, wherein determining the
significance index metric comprises:

determining a set of labels for a user sample, wherein

determining the set of labels comprises determining a
label of the set of labels for a taxon of the set of
microorganism taxa based on satisfaction of an abun-
dance condition by a user abundance for the taxon 1n
relation to a reference abundance range for the taxon,
and satisfaction of an association type condition by an
association, of the set of associations, between the
taxon and the at least one microorganism-related con-
dition, and

determining the significance index metric for a user

associated with the user sample, based on the set of
labels.

9. The method of claim 1, wherein determining the
significance mdex metric comprises determining a microor-
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ganism-related condition classification associated with a
health state of a user for the at least one microorganism-
related condition, based on user microbiome composition
features and a machine learning model derived from the set
ol associations and the set of reference abundance ranges.

10. The method of claim 1, further comprising facilitating
diagnosis of the user for the at least one microorganisms-
related condition based on the significance index metric and
a user sample comprising microorgamsms associated with
the set of microorganism taxa.

11. The method of claim 1, further comprising facilitating
therapeutic intervention for the user for the at least one
microorganism-related condition based on the significance
index metric and a user sample comprising microorganisms
associated with the set of microorganism taxa.

12. A method for characterizing at least one microorgan-
ism-related condition in relation to a user, the method
comprising;

collecting a biological sample from a user and supple-

mentary data associated with the user, wherein the
biological sample comprises microorganisms associ-
ated with the at least one microorgamism-related con-
dition;

determining user microbiome composition features asso-

ciated with the microorganisms, based on the biological
sample, wherein the user microbiome composition fea-
tures comprise user abundance for a set of microorgan-
1Sm taxa:

determining reference microbiome composition features

associated with the set of microorganism taxa based a
set of reference abundance ranges for the set of micro-
organism taxa on using a machine learning algorithm,
wherein the reference abundance ranges comprise
healthy abundance ranges corresponding to healthy
range ol relative abundance of the microorganism taxa
associated with the at least one microorganism-related
condition, and unhealthy abundance ranges corre-
sponding to unhealthy range of relative abundance of
the microorganism taxa associated with the at least one
microorganism-related condition and

determining, for the user, a significance index metric

comprising a propensity score for the user character-
1zing an association between a user microbiome and the
at least one microorganism-related condition, based on
the user microbiome composition features, eflect size
metrics determined based on the reference microbiome
composition features, and a set of associations between
the set of microorganism taxa and the at least one
microorganism-related condition,

wherein the propensity score 1s indicative of propensity of

a user for the at least one microorganism-related con-
dition.

13. The method of claim 12, wherein determining the
significance index metric for the user comprises determining
the significance index metric based on the user microbiome
composition features and a set of coeflicient of correlations
for the set of associations between the set of microorganism
taxa and the at least one microorganism-related condition.

14. The method of claim 12, wherein determining the
significance index metric for the user comprises determining
the significance index metric based on the user microbiome
composition features and a set of modified z-scores deter-
mined based on the reference microbiome composition
features and a set of z-scores for the set of associations
between the set of microorganism taxa and the at least one
microorganism-related condition.
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15. The method of claim 12, wherein determining the
significance index metric for the user comprises determining
the sigmificance index metric based on the user microbiome
composition features and an interpolation process with the
reference microbiome composition features and a calibra-
tion curve derived from a random set of abundances for the
set of microorganism taxa.

16. The method of claim 12, wherein determining the
propensity score comprises determining the propensity score
based on the user abundances, the eflect size metrics, and
significance metrics for the eflect sizes.

17. The method of claim 12, wherein determining the
significance mdex metric comprises normalizing the pro-
pensity score based on a set of empirical abundance ranges
for the set of microorganism taxa.

18. The method of claim 12, wherein determining the
significance index metric comprises:

determining a set of labels for the sample, wherein

determining the set of labels comprises determining a
label of the set of labels for a taxon of the set of
microorganism taxa based on satisfaction of an abun-
dance condition by a user abundance for the taxon 1n
relation to a reference abundance range for the taxon,
and satisfaction of an association type condition by an
association, of the set of associations, between the
taxon and the at least one microorganism-related con-
dition, and

determining the significance index metric for the user

based on the set of labels.

19. The method of claim 12, wherein determining the
significance index metric comprises determining a microor-
ganism-related condition classification associated with a
health state of the user for the at least one microorganism-
related condition, based on the user microbiome composi-
tion features and a machine learning model derived from the
set of associations and the set of reference microbiome
composition features.

20. The method of claim 19, wherein determining the
microorganism-related condition classification comprises
determining a diet-related condition classification, associ-
ated with a diet-related condition, for the user based on the

machine learning model and the user microbiome compo-
sition features associated with the set of microorganism taxa.
21. The method of claim 20,
wherein the diet-related condition comprises at least one
of calleine consumption, alcohol consumption, artifi-
cial sweetener consumption, and sugar consumption;
wherein determining the microorganism-related condition
classification comprises determining at least one of a
calleine consumption classification, an alcohol con-
sumption classification, an artificial sweetener con-
sumption classification, and a sugar consumption clas-
sification, for the user based on the machine learning
model and the user microbiome composition features
associated with the set of microorganism taxa,
wherein the set of microorganism taxa comprises at least
one of: Alistipes; Anaevotruncus,; Bacteroides; Bifido-

bacterium,;  Bilophila; Blautia;  Butyricimonas;
Clostridium; Collinsella; Erysipelatoclostridium; Fae-
calibacterium;  Flavobacterium;  Flavonifractor;

Granulicatella;, Hespellia; Intestinimonas; Kluyvera;
Lachnospiva;, Marvinbryvantia, Odoribacter; Oscilli-
bacter; Parabacteroides; Phascolarctobacterium;
Pseudobutyrivibrio; Roseburia; Streptococcus; Sub-
doli granulum; Sutterella;, and Terri sporobacter.
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22. The method of claim 12, further comprising facilitat-
ing diagnosis of the user for the at least one microorganism-
related condition based on the significance index metric.

23. The method of claim 12, further comprising facilitat-
ing therapeutic intervention for the user for the at least one 5
microorganism-related condition based on the significance
index metric.

42
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